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Abstract 
Pesticide consumption for good agronomical husbandry is increasing at an 
unprecedented rate in the world, but unmanaged use of pesticides in the third world 
countries including Pakistan is creating serious environmental concerns. Pesticides are 
often persistent in soils, enter into food chain, and ultimately reach to humans causing 
various illnesses. So pesticide remediation bears prime importance. At the current 
time, biostimulation and bioaugmentation are considered as the most reliable 
techniques of pesticide biodegradation being eco-friendly. The present study deals 
with the biodegradation of chlorpyrifos (CP), an organophosphate insecticide. In the 
1st phase of experimentation, chlorpyrifos resistant 56 microbial strains from cotton 
growing agricultural soils, and 24 from sludge of industrial wastewater drain (carrying 
effluents of pesticide factory) were isolated.   These isolates were resistant at 175mgL-
1 of CP. In the 2nd phase of study, growth potential of these isolates was tested, and 3 
isolates (Ct3, Ct27 and WW7) were selected based upon their highest level of CP 
resistance and growth potential. These isolates were identified as Bacillus cereus 
(Ct3), Klebsiella oxytoca. (Ct27) and Pseudomonas aeruginosa. (WW7), based on 
16S rRNA (ribotyping). Thirdly, biodegradation potential of these isolates was 
investigated in liquid media and soil. Number of factors like, CP concentration, 
temperature, pH, carbon sources and inoculum densities were optimized, in order to 
enhance the percentage and rate of biodegradation. In liquid media, best degradation 
was exhibited by Bacillus sp. The order of degradation ability was as follows: 
Bacillus cereus > Pseudomonas aeruginosa > Klebsiella oxytoca 
Bacillus sp. degradaed 84% of 300mgL-1 CP with inoculum density of 106 CFUml-1 at 
30oC and 8.5 pH in 6 days. By increasing inoculum density up to 108 CFUml-1, 100% 
degradation was achieved in the same time. Whereas, maximum degradation by 
Pseudomonas sp. was 81% in 15 days (initial concentration, 300mgL-1). Optimum 
conditions for Pseudomonas sp. were 8 pH, and 30oC. Conversely, maximum 
degradation efficiency in Klebsiella sp. was up to 79% in 15 days. Among all the 3 
carbon sources, glucose proved to be the best in enhancing CP degradation. The order 
of effectiveness of tested carbon sources is as follows: 
xii 
 
Glucose > yeast extract > starch ≥ no added supplement 
The CP degradation ability of selected isolates was also tested in soil to explore in-
situ bioremediation possibilities. It was noted that the strain which was potent in 
liquid media also showed good result in soil. The degradation percentages were 93, 86 
and 84 by Bacillus sp., Pseudomonas sp. and Klebsiella sp., respectively. 
Enhancement potential of different organic amendments was studied and the results 
revealed the following order:  
Farmyard manure > green compost > rice husk > no added organic amendment 
Lastly, the biodegradation kinetics in liquid media and in soil was calculated. The 
kinetic data revealed that all the 3 selected strains have the potential for 
bioremediation and can be used for rapid CP degradation. The present study was thus 
innovative and highly successful as it provided the eco-friendly solution using 
indigenous bacteria for countering CP pollution. These strains (Bacillus sp., 
Pseudomonas sp. and Klebsiella sp.) can be used for soil and ecological restoration.  
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1. Introduction  
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1.1. Pesticide usage   
World Health Organization has classified pesticides based on their toxicity level. 
Lethal Dose 50% (LD50) was set as yardstick (WHO 2004). LD50 represents the 
amount of pesticide, which kills the 50% of Laboratory rat population. Pesticides are 
groups in 4 classes, which are; 
• Class Ia (extremely hazardous) 
• Class Ib (highly hazardous) 
• Class II (moderately hazardous) 
• Class III (slightly hazardous) 
Annually cotton growing farmers spend 2 billion US$ on agrochemicals. Out of 
which about 819 million US$ are used for extremely hazardous pesticides. In general, 
hazardous pesticides consumption is 1.0Kg/hectare in cotton fields (EJF 2007). All of 
the 33 cotton growing countries (90% of the world’s cotton production) are using at 
least one of the hazardous pesticides. Eighteen out of them are using ‘Highly 
Hazardous’ or ‘Extremely Hazardous’ pesticides. These 18 countries includes, 
Zimbabwe, Zambia, Turkey, Thailand, Sudan, Philippines, Peru, Pakistan, Mexico, 
Madagascar, Iran, India, Greece, Ethiopia, Egypt, Cote d’Ivoire, Brazil and Argentina. 
Out of total agrochemicals application, 60% are insecticides. This trend of insecticide 
usage is far more than any other single cash crop, thus making cotton the ‘dirtiest’ 
agricultural product (Tariq 2005). 
1.2. Pesticide Hazards 
Carson (1962) was the first to highlight negative side of pesticides and later it was 
established that they cause number of health disorders, especially cancer (UNEP 
1993). Approximately 2.5MT of pesticides are in use all over the world (annually). 
(FAO 2002; Pimentel 1995). Similarly pesticide consumption is also increasing in 
Pakistan at an alarming rate (Table 1.1). Annually pesticides cause thirty seven 
thousand cancer cases, three million poisoning cases and approximately quarter 
million deaths (WWF 2007; FAO 2000).  
Certain developing countries are still using pesticides which are are prohibit to use in 
developed countries (Wilson and Tisdell 2001), these pesticides are creating more 
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problems (Sankararamakrishnan et al. 2005). Developing countries are facing number 
of problems in data collection, reporting and diagnosis. Because of such problems true 
picture of pesticide poisoning can not be depicted (Tariq 2005). Noteworthy number 
of occupational exposures occurs in developed world in-spite the strict rule / 
regulation (WRI 1998). At national level no study was conducted in Pakistan for 
monitoring pesticides related poisoning except one (PPSGDP 2002). 
 
Table 1.1. 
Overview of cotton production and pesticides consumption pattern 
Year Area  
(thousand 
hectares) 
Production  
(thousand 
bales) 
Yield  
(Kg/ha) 
Import of 
insecticides  
(tones) 
1997-98 2960 9184 528 29225 
1998-99 2923 8790 512 31890 
1999-00 2983 11,240 641 26124 
2000-01 2927 10,732 570 21255 
2001-02 3116 10,613 579 31783 
2002-03 2794 10,211 622 22242 
2003-04 2989 10,048 572 41406 
2004-05 3193 14,048 760 41561 
2005-06 3096 12,417 714 33954 
2006-07 3075 12,856 711 29089 
2007-08 3054 11655 649 27814 
2008-09 2820 11819 713 28839 
2009-10 3106 12914 707 38227 
2010-11 2689 11460 724 36183 
2011-12 (P) 2835 13595 815 22510 
P: Provisional (July-March), Source: (Economic Survey of Pakistan 2011-12).    
     1.3. Fate of pesticide in environment 
Pesticides have the tendency to move in environment in all 3 states i.e. solid, liquid 
and vapors (Figure 1.1). This circulation share with their solubility, 
adsorption/desorption, melting point, boiling point and volatilization constants of 
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active ingredient (Marino et al. 2002). Within a month 2-9% volatilization can occur 
from loamy and sandy soil (Racke 1993). The rate of volatilization is more on foliage 
where 80% loss may take place in 2days (Whang et al. 1993). Ultimately pesticides 
enter into the human food chain via soil (Abrahams 2002). Soil serves as filter or 
buffer for pesticide transport (Burauel and Bassmann 2005). The problem is more 
aggravated by the persistent pesticides (Stephenson and Solomon 1993). In soil, 
pesticides are degraded by microbes which resulted in complete or incomplete 
mineralization (Bollag and Liu 1990).  
 
Source; Health Canada 1998. 
Figure 1.1. Fate of Pesticide in Environment 
Excessive use of pesticides disturbs soil microorganisms (bacteria, fungi etc.) and 
ultimately decreases the soil fertility (Iqbal et al. 2001). A temperature, moisture, 
concentration, pH and redox condition effects the microbial composition and activity, 
which leads to change in degradation/mineralization pattern (Tariq et al. 2006). Soil 
pesticides enter into the surface or ground water by leaching or drainage. There are no 
quality standards regarding pesticide contamination in drinking water (Table 1.2) 
1.4. Types of pesticides  
Common formulations of pesticides are granules, gel, chalk, powder, liquid, pellets 
and paste (Tomlin 1997). These formulations contain active ingredients range from 
2%-80%. Pesticides containers (drums, bottles and bags) are also the biggest hazard in 
developing countries as they are reused for different purposes (as container for 
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drinking water). According to the host specificity pesticides are classified into 
different groups, like; 
• Insecticides; these are used to kill or repel insects and are used in agriculture, 
veterinary and domestic purposes 
• Herbicides; these are used to kill weeds are used in agriculture 
• Fungicides; these are used to kill fungi and molds, especially used for protecting 
wood  
• Rodenticides; these are used to kill rodents,  
• Fumigants; these appear as vapor and gas and are extremely toxic 
• Miticides; these are used to kill moths 
• Algaecides; these are used to kill algae 
Table 1.2.  
Drinking water standards for pesticides 
Pesticides 
(µgL-1) 
WHO 
standard 
USEPA 
Standard 
PAK-EPA 
standard 
2,4-DDT 1 – – 
Carbofuran 7.0 40 – 
Chlorpyrifos 30 – – 
Dieldrin 0.03 – – 
Aldrin 0.03 – – 
Endosulfan 0.25 – – 
Lindane  2.0 0.2 - 
Dimethoate 6.0 – – 
Heptachlor 0.03 0.4 – 
Source: WHO 2008; EPA 2006 and PAK-EPA 2008 
1.5. Chlorpyrifos 
1.5.1. Chemical class and type  
Chlorpyrifos (O,O-diethyl O-(3,5,6-trichloro-2-pyridyl)phosphorothioate) is an 
organophosphate pesticide (Table 1.3). It is a product of reaction between 3,5,6-
trichloro-2-pyridinol and diethylthiophosphoryl chloride (Tomlin 1997). CP was first 
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registered and marketed by “Dow Chemical”  with the trade names of, Dursban, 
Lorsban and Renoban.  
In 1995, 249 Dursban poisoning incidents appeared and Dow was fined worth US$2 
million for illegal advertising of “Dursban” as “safe”. In pesticide case, it was the 
biggest penalty ever, which Dow agreed to pay (Chensheng et al. 2008; 
(Sankararamakrishnan et al. 2005; Whyatt et al. 2003)..  
1.5.2. Physical and chemical properties 
  
Table 1.3.  
Physiochemical properties of Chlorpyrifos 
Appearance colorless crystals 
Odor Mild ‘thiol’ smell like Sulphur 
compounds or rotten egg/garlic 
Molar mass 350.59 gmol-1 
Molecular formula C9H11Cl3NO3PS 
Melting point 42°C 
Solubility in water 2mgL-1 (25 °C) 
Density 1.398 gcm-3 (43.5°C) 
Structural formula 
 
  (Source: Tomlin 1997) 
1.5.3. Uses 
In United States, chlorpyrifos (CP) is most common used pesticide, listed for farming 
use only (Abrahams 2002). It is effective against mosquitoes, termites, flies, and 
various household pests and is most commonly used on cotton, almonds, corn, 
oranges and apples (Franz  2000). 
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1.5.4. Mode of action 
Being non-systemic insecticide CP is more effective by inhalation, ingestion and 
direct contact. CP binds with the cholinesterase enzyme (ChE) and cause prevention 
of breakdown of acetylcholine (ACh) in synaptic cleft. This results in the 
accumulation of Ach and over-stimulation of nerve cells. These events eventually lead 
to neurotoxicity and death. CP mode of action is same in both no-target and target 
organisms (Karanth et al., 2000).       
1.5.5. Toxicity 
CP toxicity level is not same in all organisms. Below is the list;  
  Moderately toxic to sheep, rats and mice 
  Slightly toxic to rabbits 
  Highly toxic to chicken  
  Human are more sensitive than rats (Carr et al., 2001).  
1.5.6. carcinogenic, teratogenic and reproductive effect  
CP did not induce tumor or carcinogenicity. CP large quantity shows acute toxicity 
and small quantity shows neurological effects in children and fetuses (Thrasher et al. 
2002). Because of acute poisoning, it is classified as “moderately toxic (class II)” by 
EPA (Iqbal et al. 2001; Blodgett 2006). Recent research studies reported mental 
disorder and an amplified incidence of developmental disorders, while in the womb 
(Chensheng et al. 2008). There is also an established connection between prenatal 
chlorpyrifos exposure and smaller head circumference and lower weight at birth 
(Whyatt et al. 2003; Diez et al. 2010). 
1.5.7. Fate in the body 
1.5.7.1. Absorption 
Studies report that CP is absorbed by all routs like, oral, dermal and inhalation. The 
fastest appearance was appeared by oral routs. Due to the presence of chlorine group 
CP is more lipid soluble compared to other pesticides (Timchalk et al., 2007).    
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1.5.7.2. Distribution 
CP has the potential to distribute all parts of the human body. There are reports that 
CP may bio-accumulate in fats but this bio-accumulation is not very significant as the 
half life of CP is low in human body (Carr et al., 2001).    
1.5.7.3. Metabolism  
Once inside the body the CP is enzymatically converted to chlorpyrifos-oxon in liver. 
This conversion into chlorpyrifos is done by replacing Sulphur group with oxygen. 
This chlorpyrifos-axon exhibit cholinesterase inhibition (Timchalk et al., 2007).   
1.5.7.4. Excretion 
Excretion of CP is primarily through kidney. Main metabilotes that appear in urine are 
TCP, diethylphosphate and diethylthiophosphate (Carr et al., 2001) 
1.5.8. Environmental fate 
1.5.8.1. Soil 
In soil chlorpyrifos half-life is between 60-120 days, but this may vary from 14 days 
to 12 months. Half life is dependent on number of biotic and abiotic components (soil 
type, pH, microbial resistance, climate, etc) (Marino et al. 2002). 
1.5.8.2. Air 
In the atmosphere volatilized CP combines with hydroxyl radicals and degrades into 
chlorpyrifos-oxon (Aston and Seiber 1997). This chlorpyrifos-axon persists in air up 
to 4h and 20min with concentration of 22ngm-3 (Harnly et al. 2005; EJF 2007). 
1.6. Pesticide usage in Pakistan  
In Pakistan, with the start in 1954 the agrochemical consumption has increased from 
254MT to 16,226MT by the end of 1977 (Baloch 1985; Tariq et al. 2007). The 
government of Pakistan publicize ordinance to regulate the registration, formulation, 
import, production, distribution and sale of pesticides (Mazari 2005). On the contrary, 
regulation for agrochemical residue in food has not been amended yet (Tariq 2005). In 
1989, the pesticide policy was revised, and subsequently subsidies were stopped, 
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airborne spraying was inhibited and import along with distribution was transferred to 
the private sector. Within 1 year, this policy change resulted in 5-times increase in 
agrochemical use (Khan et al. 2002). Through media promotion, farmers were 
motivated by the companies to use higher doses (Tariq 2005). Presently, 39 
weedicides, 108 insecticides, 5 acaricides, 30 fungicides and 6 rodenticides are in use 
(PPSGDP 2002). Additionally, year by year agrochemical import (Table 1.1) is also 
increasing (Economic Survey of Pakistan 2012).  
Out of total agrochemicals eighty percent are used on cotton crop. Over the last 20 
years drastic increase in agrochemicals has been observed which counts about 1169% 
(Technical Bulletin 2000). Before 1983, only 5-10% cotton cultivating area use to get 
pesticides sprays however within 14 years (in 1997) this pesticides application pattern 
increased. Now 100% cultivation area is using pesticide. Studies claim that 99.9% of 
applied pesticide is dispersed in environment and the target pest receive only 0.1% 
(Tariq 2005; Tariq et al. 2007).  
In Pakistan and other developing countries pesticide problem is also enhanced by the 
lack of disposal procedures and use of expired agrochemicals (Zia et al. 2008). In 
totality, all these problems contribute agrochemical residues in soil (Agarwal et al. 
1994), drinking water (Fung and Mak 2001), ground/surface water (Ahad et al. 2001), 
soft drinks and registered mineral water (Johnson et al. 2006). In Pakistan, due to lack 
of analysis and laboratory facilities the data regarding pesticide contamination in 
drinking water is inadequate (Tariq et al. 2007).  
1.6. Pesticide poisoning in Pakistan  
Presence of pesticides in human blood, semen, breast milk, urine, infant and umbilical 
cord is widely accepted (Rothlein et al., 2006). Approximately 70% of Pakistani 
population is directly or indirectly involved with agriculture and are prone to pesticide 
poisoning. Table 1.4 represents the pesticide poisoning data from 2 districts of Sindh. 
Main reasons of the pesticide poisoning are lack of education, regulation and good 
farm practices (Azmi et al., 2006).  
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Table 1.4.  
Pesticide poisoning cases  
Pesticide concentration (mgkg-1) Location Years of 
exposure 
Endosulfan Parathion p-p'-DDT Chlorpyrifos 
Mirpurkhas 5.0-9.0 0.15 0.0 0.0 0.10 
 
10.0-14.0 0.21 0.16 0.0 0.28 
 
15.0-19.0 0.29 0.24 0.20 0.25 
 
Above 20 0.16 0.31 0.14 0.37 
Hyderabad 5.0-9.0 0.17 0.0 0.0 0.07 
 10.0-14.0 0.26 0.15 0.0 0.11 
 15.0-19.0 0.15 0.13 0.0 0.18 
 Above 20 0.30 0.0 0.17 0.29 
Source: Latif et al., 2012 
 
1.7. Bioremediation technique for pesticide removal 
The need of new technologies for cleaning contaminated sites in increasing, due to 
constant rise in pollution. Bioremediation is the use of living organism to detoxify 
pesticide. Important benefits of bioremediation are; selective destruction of pollutant, 
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less expensive, less laborious and more efficient. Bioremediation is gaining popularity 
(Sasikala et al. 2012). Various applications of bioremediations include, cleaning of 
ground water, sludge, wetlands and soils.  
1.8. Problem statement 
The complexity of microbial degradation and time period (requiring weeks to 
months), has made the technology slow to emerge as a viable method of remediation 
(Nerud et al. 2003). It becomes apparent that more detailed studies of the principles of 
biodegradation and the development of efficient methods of decontamination are 
needed to solve the hazardous waste problem (Shalaby and Abdou 2010). 
1.9. Objectives 
• To isolate pesticide resistant microbial stains from agricultural soils 
• Compare growth of different microbial isolates under different conditions 
• To select most potential microbial stain for pesticide biodegradation 
• To work out on different parameters for the most efficient biodegradation 
• To investigate the biodegradation potential in liquid medium and soil 
• To explore the biodegradation kinetics of selected strains 
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2.1.  Pesticide exposure in Pakistan 
Pesticide contamination is increasing day by day due to lack of strict rule/regulation 
and this is well documented. In Karachi, about 16.7µgL-1 chlorinated pesticides were 
detected in drinking water used for cattle (Parveen and Masud 1988). Cotton is widely 
cultivated in plain areas, especially Punjab and Sindh and as a result these areas are 
more contaminated compared to other areas. For example, in Multan pesticides were 
detected in 50% ground water samples. Thirty three percent of samples were higher 
than MRLs (maximum residual limits). Similarly, in Faisalabad 0.1-0.2 µgL-1 endrine, 
40-60 µgL-1 monocrotophos and 0.2µgL-1 cyhalothrin was found in shallow ground 
water (Jabbar et al. 1993). Similarly, Tariq et al. (2004) detected 6 pesticides in 
shallow groundwater from Dera Ghazi Khan, Dera Ghazi Khan, Muzafargarh and 
Rajan Pur (cotton growing areas of Punjab). The long half lives of pesticides are 
making it dangerous especially in the close localities of the deserted factories. A study 
of Jan et al. (2009) reported p,p′-DDT up to 70–400 µgL-1 in water around demolished 
DDT-producing factory in Nowshera. Water from Rawal Lake (Islamabad) carried 
30.4 µgL-1 of pesticides, compared to EEC standards it is 22 times more 
contaminated. This puts 1.5 million inhabitants of Islamabad at risk as water from this 
lake is used for all domestic purposes, including drinking (Ahad et al. 2006). 
Similarly, Simly Lake contains pesticides of different groups like, pyrethroids, 
organochlorides and organophosphates. None of the Simly lake samples meet the 
drinking water standards of European Union (Iram et al. 2009). Pesticide 
contaminated fruits in Pakistan have also been reported by number of  authors 
(Hassan et al. 2007; Parveen et al. 2005; Ahmad et al. 2004; Anwar et al. 2004; 
Hussain et al. 2004; Tahir et al. 2001). Anwar et al. (2011) reported pesticide 
contamination on apple, pear, guava and orange from Nawabshah. Pesticide 
investigated were, cypermethrin, chlorpyrifos, fenitrothion, Deltamethrin and 
profenofos. Similarly, Parveen et al. (2011) also found pesticide residues on mango, 
chiku, papaya, plum and pomegranate from Karachi.        
During 1995-98 devastating insect attack took place, this resulted in 72% reduction in 
cotton yield (Soth 1999; Tariq 2005). To combat this situation, governmental 
agencies, distributors and manufacturers run a campaign to motivate farmers for 
higher pesticide applications per crop. This strategy significantly enhanced the cotton 
14 
 
production (2000-01) but resulted in more environmental contamination (Mazari 
2005; Tariq 2005; Economic Survey of Pakistan 2011-12). In fact the real problem 
started after the control of pest attack. Those farmers made it the regular practice to 
use more dose in short intervals, up to 8-13 sprays per seasons (Tariq et al. 2004). 
Consequently, American bollworm and whitefly (cotton pests) are now resistant 
against commonly used agrochemicals. Studies at CCRI Multan (Central Cotton 
Research Institute) revealed that this is because of the over dosage of pesticides 
during sprays on cotton (Ahmad et al. 2007).  
Table 2.1  
Pesticide concentrations (µgL-1) in ground and surface water samples of 
Pakistan. 
Sampling 
location 
 
Water type 
(ground or 
surface) 
Pesticide 
detected 
Concentration 
(µgL-1) 
Detection 
frequency 
(%) 
Reference 
BHC Isomers Traces–16.7 7.6 
p,p′-DDE Traces 1.3 
Cattle 
drinking 
water, 
Cattle 
colony, 
Karachi 
Surface 
water 
p,p′-DDT Traces 2.5 
Parveen 
and 
Masud 
(1988) 
Λ-Cyhalothrin Traces–0.2 40 
Endrin 0.1–0.2 30 
Samundri, 
Faisalabad 
and 
Kala Shah 
Kaku, Lahore 
(n=10) 
Shallow 
groundwate
r Monocrotopho
s 
40.0–60.0 30 
Jabbar et 
al. (1993) 
 
 
Chlorpyrifos 0.0–0.03 58.3 
Dichlorvos 0.03–0.45 100 
Dimethoate 0.0–0.15 58.3 
Endosulfan 0.0–0.02 33.3 
Fenitrothion 0.0–0.2 58.3 
Swabi, Chota 
Lahor, 
Takhbai, 
Mardan 
(Mardan 
division) 
(n=12) 
Groundwat
er 
(at depth of 
3.6–5.1 m) 
Methyl 
parathion 
0.0–0.06 91.7 
Ahad et 
al. (2000) 
 
 
15 
 
Sampling 
location 
 
Water type 
(ground or 
surface) 
Pesticide 
detected 
Concentration 
(µgL-1) 
Detection 
frequency 
(%) 
Reference 
Mevinphos 0.06–0.21 100 
Profenphos 0.01–0.17 100 
Azinophos 
methyl 
0.0 0 
Carbofuran 0.0–0.26 16.6 
Cypermethrin 0.0 0 
Deltamethrin 0.0 0 
Diazinon 0.0–0.03 16.6 
Dichlorvos 0.0–0.23 66.7 
Dimethoate 0.0–0.09 16.6 
Endosulfan 0.0–0.13 33.3 
Esfenvalerate 0.01–0.2 100 
Fenitrothion 0.0–0.06 83.3 
Lindane 0.0–0.11 83.3 
Malathion 0.0 0 
Methyl 
parathion 
0.0 0 
Cotton 
growing area 
of 
Multan 
(Punjab) 
(n=12) 
Ground 
water 
(at depth of 
5.0–18.0 m) 
Phosphamidon 0.0–0.12 33.3 
Ahad et 
al. (2001) 
Bifenthrin 2.8–3.6 13.5–
16.2 
Carbofuran 7.7–3.5 59–43.2 
λ-Cyhalothrin 2.5–2.1 5.4–13.5 
Endosulfan 2.3–2.4 8.0–8.0 
Methyl 
parathion 
2.5–0.0 5.4–0.0 
Well water 
samples from 
Bahawalnagar, 
Muzafargarh, 
D.G. Khan 
and Rajan 
Pur 
districts 
(Punjab) 
(n=37) 
Ground 
water 
(below 
3.6m) 
Monocrotopho
s, 
4.3–2.9 35.0–
24.0 
Tariq et 
al. (2004) 
Rawal Lake, 
Islamabad 
Surface 
water 
Azinophos-
methyle 
0.06–13.28 
(3.3) 
26 Ahad et 
al. (2006) 
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Sampling 
location 
 
Water type 
(ground or 
surface) 
Pesticide 
detected 
Concentration 
(µgL-1) 
Detection 
frequency 
(%) 
Reference 
Fenitrothion 0.08–8.3 
(0.62) 
22 
Parathion 
methyl 
0.02–2.71 
(0.38) 
8 
(Capital of 
Pakistan) 
α-
Cypermethrin 
0.21–18.76 
(5.82) 
44 
2.2. Bioremediation techniques 
Bioremediation involves in-situ and ex-situ techniques. In case of ex-situ treatment, 
contaminated materials are physically removed from the site and subsequently treated. 
Whereas, is case of in-situ techniques detoxification takes place on site. 
Bioremediation techniques are follows (Boopathy 2000); 
• Land farming: it works best for soil as solid-phase treatment system, this can be 
used as in-situ or ex-site    
• Composting: it is aerobic and thermophilic process, where bulking agents are 
mixed with contaminants, it gives best results both in aerated and static piles.   
• Bioreactors: this method uses reactors or containers to degrade/decontaminate 
slurries and liquids.  
• Bioventing: this technique stimulates the microbial growth and activity by 
injecting oxygen in soil.  
• Biofilters: usually used for air emission  
• Bioaugmentation: addition of non-indigenous microbes to polluted site  
• Biostimulation: stimulating indigenous microbes by providing nutrients 
• Intrinsic bioremediation: leave the contaminated site and let the nature do its 
job, only monitor 
• Pump and treat: pump to surface, treat and then reinject, usually for ground 
water.  
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2.3.  Biodegradation of different pesticides  
The pesticides successfully removed through bioremediation or biodegradation 
includes, tetrabromobisphenol (Peng et al. 2013), hexachlorobenzene (Kengara et al. 
2013), chlorpyrifos (Lu et al. 2013), triazophos (Liang et al. 2011), 1, 1, 1- trichloro- 
2, 2 bis 9(4-chloro-phenyl) ethane  cypermethrin (Lin et al. 2011), DDT (Dichloro-
Diphenyl-Trichloroethane) (Purnomo et al. 2011), hexa-chloro-cyclohexane, 
methoxychlor (Baczynski et al. 2010), fomesafen (Liang et al., 2009), malathion 
(Shan et al. ,2009), α and β endosulfan (Goswami et al. ,2009), Dicofol (Osman et al. 
,2008), chlorferon (Ha et al. ,2007), methyl parathion (Fang-yao et al. 2007), p-
nitrophenol (Qiu et al. 2007), Endosulfan (Verma et al. 2006), fenoxaprop-p-ethyl 
(Song et al. ,2005), cyclodextrins (Fenyvesi et al. ,2005). Similarly, Cuozzo, et al. 
(2012) isolated Sterptomyces sp for chlordane (organochlorines pesticide) from 
contaminated soil. This isolated was tolerant at 16mgL-1 and degraded 56% of 
pesticide in 28days. Furthermore, Liang et al. (2009) was successful in degradation 
fomesafen (weedicide) by Lysinibacillus sp. (from agri fields) this strain showed 
81.32% degradation in MSM after 7 days. Its inoculation in soil resulted in 
significantly higher degradation as compared to un-inoculated soils. In the same way, 
dicofol degradation by 9 microbial strains isolated from agricultural farm was 
reported by Osman et al. (2008). The strains tested were, Trichoderma viride, 
Trichoderma harzianum, Pseudomonas fluorescens, Pseudomonas cepacia, 
Klebsilense pneumoneae, Bacillus subtilis, Bacillus polymyxa, Azotobacter 
chroococcum, Azospirillium barasilense. Out of these A. chroococcum was most 
efficient and degradaed 94% of 100mgL-1 of dicofol in 28 days. The longer lag phases 
were observed by other strains with low efficiency towards biodegradation.    
2.4.  Biodegradation of chlorpyrifos in liquid media 
According to the Lu et al. (2006) biodegradation of CP in aquatic environment is not 
well known. Because of its complex chemical nature and highly toxic/persistent 
metabolites in aquatic mode, its biodegradation is of prime importance (Xu et al. 
2008). Metabolite of CP, especially TCP are more toxic then CP towards microflora. 
This toxic nature of TCP is one of the major hindrances in complete mineralization of 
CP in aquatic mode (Li et al. 2008). For complete mineralization, microbe needs to be 
resistant towards CP and TCP, both. Otherwise, as the degradation proceeds amount 
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of TCP will increase and those microbes that are not resistant to TCP will not be able 
to continue CP degradation (Yang et al. 2005; Li et al. 2011).         
Number of isolates which were able to degrade CP and other pesticides were isolated 
by many researchers. This include Cupriavidus sp. (Lu et al. 2013), Comamonas sp. 
strain JXS-2-02 (Peng et al. 2013), Arthrobacter sp. (Wang and Xie 2012), 
Pseudomonas, Agrobacterium (Maya et al. 2011), Diaphorobacter sp GS-1 (Liang et 
al. 2011), Daedalea dickinsii, Gloeophyllum trabeum, Fomitopsis pinicola (Purnomo 
et al. 2011), Penicillium oxalicum (Ren-Bang et al. 2010) Pseudomonas putida 
(Sarkar et al. 2010), Bacillus pumilus (Anwar et al. 2009), Acinetobacter johnsonii 
MA19 (Shan et al. 2009), Pseudomonas nitroreducens (Korade and Fulekar 2009), 
Lysinibacillus sp. ZB-1 (Liang et al. 2009), Verticillium sp. (Fang et al. 2008), 
Klebsiella sp., Serratia marcescens, Pseudomonas fluorescence (Lakshmi et al. 2008), 
Paracoccus sp. (Xu et al. 2008), Azospirillium barasilense, Trichoderma harzianum, 
Bacillus polymyxa (Osman et al. 2008), Sphingomonas Stenotrophomonas (Li et al. 
2008), Klebsiella sp. (Ghanem et al. 2007), Trichosporon sp (Xu et al. 2007), 
Acinetobacter radioresistens (Fang-yao et al. 2007), Acinetobactor calcoaceticus, 
Pantoea agglomerans (Abboud et al. 2007),  Enterobacter sp. (Singh et al. 2006), 
Stenotrophomonas sp. (Yang et al. 2006), Klebsiella sp., Aeromonas sp. (Ajaz et al. 
2005) and Chlorella vulgaris (Mukherjee et al. 2004). The abilities of these microbes 
to degrade CP in natural water bodies are still unconfirmed. 
Li et al. (2008) was successful in isolating different microbial which were resistant to 
chlorpyrifos from soil of polluted fields. These strains belong to Bacillus sp., 
Sphingomonas sp., Brevndimonas sp., Pseudomonas sp. and Stenotrophomonas sp. 
use of these strains in liquid media and soil resulted in efficient degradation of CP, 
with degradation rate ranges from 37-100mgL-1D-1, maximum degradation of 98% 
and percentage degradation these strains were very efficient in both liquid media and 
soil. Lakshmi et al. (2008) reported 46-72% degradation of CP in MSM (minimal salt 
media) by different aerobic microbial strains. However, only 60-70% survival rate 
was observed when these strains were inoculated in soil contaminated with CP. The 
main reason of this low survival was low resistance towards TCP.  
Efficiency of mixed bacterial culture has also been investigated and reported by 
Kumar et al. (2008). Bacterial strains used in this study belong to Ochrobacterum sp., 
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Burkholderia sp. and Arthrobacter sp. The ability of these stains was tested for the 
biodegradation of endosulfan as sole carbon source. In soil experimentation this 
consortium degraded 91% of α-endosulfan and 67% of β-endosulfan in one month 
time duration. Detailed investigation revealed that Arthobacter sp. first oxidizes 
endosulfan into endosulfan sulfate and then completely metabolize it. At the end of 
the experimentation no known intermediate metabolite have been detected, which 
prove the complete utilization of endosulfan by the consortium. 
Chlorpyrifos degradation by fungi is also reported in some studies. Bumpus et al. 
(1993) reported Phanerochaete chrysosporium, having ability to degrade 27.5% of CP 
in 18days. Al-Mihanna et al. (1998) used different fungi in a single inoculum and 
found more degradation as compared to single strain. Co-culture of fungi and bacteria 
also show rapid degradation. Bacterial strain Serratia sp. and fungal strain 
Trichosporon sp. can co-exist (in 50mgL-1 of CP). In this co-culture, Serratia sp 
degrade CP into TCP and Trichosporon sp. mineralize TCP, in 18hrs at pH 8 (Xu et 
al. 2007). Fang et al. (2008) isolated Verticillium sp. strain DSP, which show 
temperature and pH dependent degradation. Optimum conditions of pH and 
temperature for this strain was 7 and 35oC, respectively. Kulshrestha and Kumari 
(2011) reported 83.9% degradation with an initial CP concentration of 300mgL-1 by 
Acremonium sp. strain GFRC-1 under full nutrients availability. 
Chlorpyrifos degradation by fungi or by bacteria can take place in two ways; direct 
utilization as carbon, nitrogen and phosphorous source (Awad et al. 2011; Singh et al. 
2004) or co-metabolically (Anwar et al. 2009). In co-metabolism, the microbial strain 
do not use CP nor its metabolites, it only transform CP into metabolites. In other 
words, target pesticide is only broken down not used as carbon source (Alexander 
1999). Instead of using whole cell technique, Yuechun et al. (2010) investigated 
laccase (Oxidase enzyme) extract form white rot fungi for the biodegradation of DDT. 
With the addition of laccase in soil the residues of DDT decreased by 69% after 25 
days of incubation. 
Co-metabolism of CP in liquid media and CP consumption as sole carbon source have 
not been achieved (Mallick et al. 1999; Guha et al. 1997). Later, many studies 
reported isolated microbes that have the potential to utilize CP as sole carbon, 
nitrogen and phosphorous source (Zhu et al. 2010; Ghanem et al. 2007; Yang et al. 
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2006). Li et al. (2011) succeeded in isolation of Paracoccus sp. that has the dual 
ability. It can biodegrade CP into two of its metabolites; TCP and 
diethylthiophosphoric acid (DETP). These intermediate metabolites are then reutilized 
by the same strain as carbon, phosphorous and nitrogen source, thus resulted in 
complete mineralization. 
Other than bacteria and fungi, plants are also the potential agent for CP 
biodegradation in water. Prasertsup and Ariyakanon (2011) investigated potential of 
Lemna minor L. (duckweed) and Pistia Stratiotes L. (water lettuce) for CP 
degradation in green house. Maximum degradation by these 2 plants was 87% and 
82%, respectively, at 0.5mgL-1. Rate of degradation by P. stratiotes and L. minor was 
10.21mgh-1 and 12.14mgh-1, respectively. In the same study CP degradation without 
plants was reported to be 2.94mgh-1. This and other studies validate that the plants are 
the potential biodegradation agent for pesticide removal 
2.5. Biodegradation of chlorpyrifos in soil 
According to the Teng et al. (2010) the prime goals of any bioaugmentation study are; 
the removal of pollutant and the restoration of soil functions. Soil must be restored in 
its proper biotic composition for successful and efficient bioremediation. For this, 
investigations were carried out to understand the alteration in microbiological 
activities by bioaugmentation of Paracoccus sp. strain HPD-2. The results fully 
support the use of this strain for the use in bioremediation processes. 23% degradation 
(initial conc. 0.9-7.6mgKg-1) of polycyclic hydrocarbons was observed in 28days. The 
kinetic and biochemical analysis revealed the high biomass, high enzyme activity and 
restored microbiological functioning in soil with bioaugmentation. 
Numbers of studies have demonstrated the strong results to justify that the soils 
polluted with pesticides can be restored by inoculating specific microbe in these soils 
(Diez 2010; Massiha et al. 2011; Abo-Amer 2011). The most appropriate site to find 
these specific microbes are the pesticide contaminated soils or those soils where 
excessive and repeated applications of pesticides are in use (Bhagobaty and Malik 
2008). Indigenous microbes of such sites/soils develop resistance towards applied 
pesticide over period of time and carry enzymes which are responsible for the 
degradation of pesticides (Sasikala et al. 2012).  
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Site from where chlorpyrifos resistant microbes were isolated include; CP polluted 
soil (Yang et al. 2005), activated sludge (Xu et al. 2008; Xu et al. 2007; Ghanem et al. 
2007), chlorpyrifos contaminated soil (Liu et al. 2012; Gao et al. 2012; Awad et al. 
2011; Fang et al. 2008; Bumpus et al. 1993), agricultural soil (Kulshrestha and 
Kumari 2011; Zhu et al. 2010; Anwar et al. 2009; Lakshmi et al. 2008; Singh et al. 
2006), rhizosphere (Korade and Fulekar 2009), and effluent of chlorpyrifos 
manufacturing plants (Savitha and Raman 2012; Latifi et al. 2012; Li et al. 2007; 
Yang et al. 2006).  
Singh et al. (2003) -reported rapid CP degradation in Australian soils by inoculating 
Pseudomonas sp. The results and techniques of this study were successfully applied to 
the 5 site in UK. Soils having basic pH maintain high degradation rate for 90 days. In 
the successive study, Singh et al. (2004) decontaminated soil by inoculating 
Enterobacter sp. B-14. This strain was efficient up to 35mgkg-1 of chlorpyrifos. 
Baillus licheniformis ZHU-1 has a potential for complete degradation in 12-14 days 
(Zhu et al. 2010). Mohan et al. (2004) reported that mixed culture of indigenous 
microflora in slurry bioreactor is more efficient in rapid degradation then single 
inoculum. In his study maximum degradation observed was 91%, 82% and 14% in 3, 
6 and 12gg-1 of soil, within 72 hours. Somewhat similar results were also concluded 
by Kumar (2011), who was able to achieve 85% degradation by using mix culture of 
bacteria (GCC134). As compared to this mix culture, mono-culture degraded only up 
to 77% in 30 days.  
 Pseudomonas sp. was investigated for the bioremediation of diazinon 
(organophosphorus insecticide) contaminated soil (Cycon et al. 2009). Soil 
experimentation revealed that Pseudomonas sp. efficiently use diazinon as source of 
carbon and energy. In sterile soil with an initial concentration of 100mgKg-1 and 
presence of glucose, Pseudomonas showed 80-92% degradation. Rate constants of 
degradation were 0.032-0.085mgd-1 and half life varies from 11-25days. In addition, 
soil which has never been exposed for diazinon showed only 2% degradation in 
7days. The experimental data revealed positive correlation between soil microbial 
community and biochemical processes involved in diazinon degradation.             
Fungi were also used in soil biodegradation studies (Fang et al. 2008; Yu et al. 2006). 
Verticillium sp. DSP was successful in degradation CP in open field and on pakchoi 
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(Brassica chinensis L.). The degradation rate was maximum at pH 7 which was 1.12 
times higher than pH 5 and 1.04 times higher than pH 9. This strain not only 
competed with native microbes but also speed up degradation process (Yu et al. 
2006). Similar results were of Fang et al. (2008), who concluded 3.61 times faster 
degradation as compared to sterile soil. 
Instead of natural soil, fabricated soils can be an equally better option for 
biodegradation. CP biodegradation in designed treatment unit consisting of surface 
soil with the dimensions of 420 x 200 x 80mm was studied. The soil was inoculated 
with native microflora, containing bacteria, fungi and actinomycetes. The results 
revealed that CP was degraded into metabolites (TCP) up to 6 days afterward no 
metabolite was detected, which shows complete mineralization (degradation into 
simple compounds). Biodegradation studies may end in failure, as have been reported 
by Gilani et al (2010). Their study reported no degradation in surface soil when 
spiked with 0.1-1gkg-1 of CP because of poor survival, growth and non-competitive 
ability of Bacillus sp with indigenous microflora. Zhang et al. (2012) used a plasmid 
mediated bioaugmentation technique for the better survival of inoculum with 
indigenous microflora and biodegradation of CP in soil. pDOC plasmid was 
transferred in Pseudomonas and Staphylococcus genera. This pDOC plasmid carries 
the gene responsible for CP-degradation. The results suggest that such plasmids 
(carrying degrading genes which encode specific enzymes) are good option for 
enhanced and rapid degradation in soil of various types. 
In addition to fabricated soil, biobeds or biomixtures are used to eliminate pesticide 
contamination (Vischetti et al. 2004). A typical biobed is the combination of peat, soil 
and straw in proportion of 25, 25 and 50% by weight. The main function of the biobed 
is to retain and degrade pesticide. The retention of pesticide in biobed depends on its 
sorption capacity and degradation depends on the biological activity (Castillo et al. 
2008). Degradation of chlorotalonil and isoproturon up to 90% (in 90-100days) in 
biobed was reported by Fogg et al. (2003). Tortella et al. (2012) investigated CP 
degradation in biobed at different maturity level. The results concluded that higher 
maturity leads to the more degradation.    
Grenni et al. (2009) investigated effect of oak and pine wood amendments on 
microbial growth and degradation of linuron (herbicide). The results indicated that the 
23 
 
microbial community has a very promising role in biodegradation of linuron. 
However, addition of oak and pine wood did not significantly increase the 
biodegradation as compared to the non-amended soil. This is because of 2 main 
reasons, firstly due to the sorption of linuron with wood and make is not available for 
microbes. Secondly the wood amendments do not enhance the microbial growth. 
Lin et al. (2010) used cell immobilization technique for biodegradation of pyridine 
(precursor of pesticide). They attach Paracoccus sp. on pores of activated carbon 
(bamboo based). The results indicated that by immobilization the degradation of 
pyridine increased from 489-1476mgL-1 and biomass increased from 391-430mgg-1. 
This study recommends the use of cell immobilization technique for bioremediation. 
Plant roots and rhizosphere also facilitate microbes for CP degradation in soil. Korade 
and Fulekar (2009) investigated ryegrass for CP degradation in mycorrhizal soil. The 
experimentation was conducted in pot with initial CP concentrations of 10mgkg-1, 
which was completely degraded in a week. The bacterial strain having highest 
survival rate at 100mgkg-1 was identified as Pseudomonas nitroreducens PS-2. In 
bioaugmentation experimentation the same strain (PS-2) showed 100% degradation. 
In a similar study, Dubey and Fulekar (2012) evaluated Pennisetum pedicellatum 
plant for assistance to strains associated with rhizosphere and are involved in 
biodegradation. The study lasts for 60days with initial concentration of 10-100mgkg-1. 
Microbiological analysis revealed that Stenotrophomonas maltophilia is responsible 
of 100% degradation. Such studies supported the idea of utilizing rhizosphere for 
bioremediation of pesticides in soil 
Rhizosphere of Lolium perenne (rye grass), Pennistum clandestinum (Pennistum), 
Allium sp. (spring onion) and Festuca arundinacae (tall fescue) was investigated by 
Singh et al. (2004) -for atrazine and simazine biodegradation. In presence of 
rhizosphere the maximum degradation in 80days was about 45% and 52% of atrazine 
and simazine, respectively. Whereas, in unplanted soils (absence of rhizosphere) the 
degradation rate was significantly slow. Out of these 4 plants, P. clandestinum was 
most efficient showing maximum degradation ability of 300µg (atrazine) and 50µg 
(simazine). This study recommended the use of C4 plants (especially P. clandestinum) 
for bioremediation of contaminated soils. Rani and Juwarkar (2012) reported that the 
rhizosphere of Brassica juncea enhance the biodegradation of phorate (insecticide) by 
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Ralstonia eutropha, Pseudomonas aeruginosa and Enterobacter cloacae. Maximum 
degradation in aqueous medium, inoculated in sandy loam soil and inoculated sandy 
loam soil in presence of B. juncea was up to 73%, 55% and 64%, respectively. This 
signifies the presence of rhizosphere in microbial activity for biodegradation. All the 
3 strains also have significant potential over plant growth promotion. 
2.6. Genes responsible for biodegradation 
Lu et al. (2013) investigated the biodegradation pathway of chlorpyrifos by 
Cupriavidus sp. DT-1. Results showed that firstly chlorpyrifos is converted into TCP 
by hydrolysis, then dechlorinated into 2-pyridinol and lastly pyridine rings are broken 
down. mpd genes are responsible for the synthesis of CP degrading enzymes. This 
gene has successfully been transferred and expressed into Escherichia coli BL21 DT-
1 activity in soil resulted in 94% and 100% degradation of CP and TCP, respectively.      
2.7. Biodegradation kinetics 
Understanding biodegradation kinetics is important in order to evaluate the impact of 
persistent pesticides on biotic and abiotic components of ecosystem (Alexander 
1999). Important factors that regulate biodegradation include chemical nature of 
pesticide, its concentration, microbial agent and prevailing environmental conditions 
(Hussain et al. 2009; Fulekar and Geetha 2008). Above all, most critical is the initial 
concentration for determining kinetics of biodegradation. In general, Michaelis-
Menten kinetic model is widely applied for intact cells/microbes experimentation. 
Karpouzas and Walker (2000) reported the failure of pesticide degradation at low 
concentration. At higher pesticide concentration also the degradation does not precede 
vary rapidly and long lag phases are observed initially. But these longer lag phases are 
due to less number of microbes, as soon as the microbial number reaches the 
threshold level log phase (rapid degradation) starts (Lu et al. 2013).            
Simkins and Alexander (1984) devise multiple kinetics models based on initial 
concentration and microbial agent in action. These models includes, zero order, first 
order, logarithmic, logistic, Monod no growth and Monod with growth. Fang et al. 
(2008) reported wide range of CP degradation in 7 days rates which range from 0.14-
12.17mgL-1day-1 where initial concentration ranged from 1-500mgL-1. The results of 
the study fit best in first-order kinetics as initial concentration (1-100mgL-1) and 
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degradation rate show linear relation (r2 = 0.99). The fungal strain used in this study 
was identified as Verticillium sp. which reduced the half life up to 2.03-45 days at 
different concentrations. The same strain was also much effective in greenhouse and 
in open agricultural fields. Higher CP concentrations beyond 500mgL-1 showed 
inhibitory effect on Verticillium sp. This linear relationship (r2 = 0.9999) between 
pesticide concentration and biodegradation rate is also reported by Yu et al. (2006). 
The fungal strain used in this study showed 99% homology with Verticillium sp. and 
showed pseudo-first order kinetics with initial concentration up to 100mgL-1. Fulekar 
and Geetha (2008) investigated biodegradation kinetics of Pseudomonas aeruginosa 
and reported that concentration above 50mgL-1 has inhibitory effect on bacterium. 
Initial concentration of 50 mgL-1 was completely degraded within 7 days into 2 of the 
intermediate metabolites, mainly TCP and 1,2-benzene dicarboxylic acid. These 
metabolites persists for short period but ultimately completely mineralized in to CO2 
and nutrients. In an analogous experimentation, Maya et al. (2011) analyzed the 
kinetic data of Pseudomonas sp., Bacillus sp. and Agrobacterium strain for 
chlorpyrifos degradation. The initial concentrations used ranged from 25-200mgL-1 
and effectiveness of strains was in the following order, Pseudomonas sp. > 
Agrobacterium sp. > Bacillus sp. 
Shen et al. (2009) reported the usefulness of Rhodococcus sp. for biodegradation of 
2,4,6-trinitrophenol (TNP) in batch reactor. Haldane’s model was use (30oC and 7 
pH), for the calculation of growth kinetics. The kinetics results reported were, 
inhibition coefficient (Ki) = 363mgL-1, half saturation coefficient (Ks) = 10mgL-1 and 
maximum specific growth rate (µmax) = 0.24h-1. This data could be used for modeling 
and designing of large scale treatment plant for TNP degradation.       
Degradation parameters of beta-cypermethrin by Ochrobactrum lupine was evaluated 
and reported to be 1.14d-1 (qmax) and 52.06mgL-1 (Ks) by Chen et al. (2011). Source of 
Ochrobactrum lupine was sludge and uses beta-cypermethrin as sole source of carbon 
(C) and metabolic energy. Its tolerance limit is up to 400mgL-1. It showed 90% 
degradation with initial concentration of 50mgL-1 in 5 days, under optimum 
conditions of 30oC and 7 pH. Tan et al. (2008) reported first order kinetics data for the 
degradation of fipronil (insecticide) where R2 is ≥ 0.94. The degradation study was 
conducted in paddy soil under flooded conditions up to 19 days.   
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2.8. Environmental factors affecting biodegradation 
Both abiotic and biotic factors affect the biodegradation process. It is highly 
recommended that abiotic factors must be optimized according to the prevalent 
environment (Mohan and Reddy 2013). Absence of the optimized conditions leads to 
the failure of field trails (Arshad et al. 2008). The bioremediation depends on number 
of factors, like; inoculum density, nutrient availability, pH, temperature, soil moisture, 
pesticide concentration, chemical nature, toxicity, solubility, alternate carbon or 
nitrogen source, presence of electron acceptor (Kengara et al. 2013; Zhu et al. 2010; 
Alexander 2000). Singleton (2001) reported that the optimal conditions do not prevail 
every time in nature, as a result enzymatic reaction in bacteria or fungi may get 
disturbed.  
The bioremediation depends on number of factors, like; inoculum density, nutrient 
availability, pH, temperature, soil moisture, pesticide concentration, chemical nature, 
toxicity, solubility, alternate carbon or nitrogen source, presence of electron acceptor 
(Kumar 2011; Vidali 2001; Boopathy 2000). Singleton (2001) reported that the 
optimal conditions do not prevail every time in nature, as a result enzymatic reaction 
in bacteria or fungi may get disturbed. Singh et al. (2003) was on the view that type 
and number of microbial agent is most important in rapid biodegradation. In 
successive years, Singh et al. (2006) reported that the most suitable soil pH for 
maximum biodegradation is 4.7-6.7, pH range of 6.7-8.4 showed non-significant 
results. Li et al. (2007) reported most suitable temperature for biodegradation, which 
lie in the range of 15-35oC. However, for Stenotrophomonas and Paracoccus strains, 
optimum temperature was reported to be 30oC and 35oC, respectively (Yang et al. 
2006; Xu et al. 2008). Many researchers have been successful in optimizing vital 
factors of both biotic and abiotic nature (Peng et al. 2013; Tortella et al. 2012; Liu et 
al. 2012; Anwar et al. 2009). 
2.8.1. Pesticide structure  
The physiochemical characteristics of agrochemicals are the effect of the structure. 
Presence or absence of substitute group on benzene ring changes its properties and as 
a result drastically effects biodegradability. Some groups like carboxylic acid 
(COOH), hydroxyl (OH) and amine (NH2) are prone towards microbial attack. 
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Whereas, presence of alkyl and halogen groups make pesticide more resistant towards 
biodegradation. Insoluble pesticides like chlorinated hydrocarbon (pentalene, DDT & 
dieldrin) tightly binds with the soil particles and are relatively unavailable for 
biodegradation. Not only the nature, position of substitute group also persuade pace of 
biodegradation (Vidali, 2001)            
2.8.2. Pesticide concentration  
Bioavailability of pesticide depends on pesticide solubility and its chemical nature. 
Fulekar and Geetha (2008) reported that CP concentration above 75mgL-1 has 
negative impact on P. aeruginosa (NCIM 2074) growth and biodegradation ability in 
MSM. In another study, the threshold value above which biodegradation does not take 
place was reported to be 200mgL-1. Above this value the microbial growth slows to 
minimum and conversion into intermediate metabolites does not proceed. 
Vijayalakshmi and Usha (2012) optimized the pH (7.0) for Pseudomonas putida at 
35oC and 2% of initial concentration. Many researchers have been successful in 
optimizing vital factors of both biotic and abiotic nature (Peng et al. 2013; Tortella et 
al. 2012; Liu et al. 2012; Anwar et al. 2009). 
2.8.3. Microorganism  
Singh et al. (2003) was on the view that type and number of microbial agent is most 
important in rapid biodegradation. The soil bacterial can be classified as nitrogen 
fixers, anaerobes, aerobes, Sulphur oxidizers and decomposers (Shahgholi and 
Ahangar, 2014). Number of isolates which were able to degrade CP and other 
pesticides were isolated by many researchers. This include Comamonas sp. strain 
JXS-2-02 (Peng et al. 2013), Arthrobacter sp. (Wang and Xie 2012), Pseudomonas, 
Agrobacterium (Maya et al. 2011), Diaphorobacter sp GS-1 (Liang et al. 2011), 
Penicillium oxalicum (Ren-Bang et al. 2010) Pseudomonas putida (Sarkar et al. 
2010), Bacillus pumilus (Anwar et al. 2009), Acinetobacter johnsonii MA19 (Shan et 
al. 2009), Pseudomonas nitroreducens (Korade and Fulekar 2009), Lysinibacillus sp. 
ZB-1 (Liang et al. 2009), Verticillium sp. (Fang et al. 2008), Klebsiella-sp., 
Pseudomonas fluorescence (Lakshmi et al. 2008), Paracoccus-sp. (Xu et al. 2008), 
Azospirillium barasilense, Trichoderma harzianum, Bacillus polymyxa (Osman et al. 
2008), Sphingomonas-Stenotrophomonas (Li et al. 2008), Klebsiella-sp. (Ghanem et 
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al. 2007), Trichosporon sp (Xu et al. 2007), Acinetobacter radioresistens (Fang yao et 
al. 2007), Acinetobactor calcoaceticus, Pantoea agglomerans (Abboud et al. 2007),  
Enterobacter sp. (Singh et al. 2006), Stenotrophomonas sp. (Yang et al. 2006), 
Klebsiella sp., Aeromonas sp. (Ajaz et al. 2005) and Chlorella vulgaris (Mukherjee et 
al. 2004). 
2.8.4. Biomass  
Biomass is defined as “the component of soil organic matter that comprises organisms 
smaller than 5-10µm3”. Where as those having size greater than 5-10µm3 (earthworm 
and roots) are not counted in soil microbial biomass. Soil microbial biomass is 
considered a key factor in biodegradation. However, repeated and excessive 
application of pesticides negatively affects microbial biomass (Shahgholi and 
Ahangar, 2014).        
2.8.5. Moisture content 
Diffusion and movement of pesticide in soil is dependent on water availability 
because water serves as a solvent. Generally it is observed that the rate of pesticide 
bio-transformation is high in wet soil compared to dry soil. But, in soil with saturated 
water condition (like in rice filed) the bio-transformation rate slows because of the 
lack of oxygen. In this case anaerobic bio-transformation supersedes the aerobic bio-
transformation (Vidali, 2001).   
2.8.6. Surfactant 
The major contributors towards non-bioavailability of pesticide are low solubility in 
water and high affinity with soil organic matter (Singh et al. 2003). Surfactants 
increases bioavailability of pesticides and results in increase in biodegradation. 
Addition of surfactants can be used as a promising tool in bioremediation and waste 
treatment (Mulligan 2005; Noordman et al. 2002). Yet very limited numbers of 
studies are available those who have reported the use of bio-surfactants in 
biodegradation experimentations. 
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2.8.7. Soil type 
Studies report that the pesticide degradation in soil is dependent on soil type. In an 
experiment Jones and Ananyeva [2001] studied the effect of 3 different soil on 
propachlor biodegradation. The soils they used were from arable, pasture and pine 
forest. Degrdataion rate were significantly different in 3 soils. Further studies indicate 
that  presence of organic content further speedup the degradation process. Hafez and 
Thiemann (2003) reported the diazinon degradation rate in the following order in 
different soils.  
Silty loam soil > sandy loam > sandy soil 
2.8.8. Temperature 
Li et al. (2007) reported most suitable temperature for biodegradation, which lie in the 
range of 15-35oC. However, for Stenotrophomonas and Paracoccus strains, optimum 
temperature was reported to be 30oC and 35oC, respectively (Yang et al. 2006; Xu et 
al. 2008).  
2.8.9. pH 
Singh et al. (2006) reported that the most suitable soil pH for maximum 
biodegradation is 4.7-6.7, pH range of 6.7-8.4 showed non-significant results. 
Vijayalakshmi and Usha (2012) optimized the pH (7.0) for Pseudomonas putida at 
35oC and 2% of initial concentration. 
2.8.10. Soil organic matter 
The sources of organic matter in soil are organic amendments, animals waste/remains, 
microbial biomass and crop residue. The chemical nature of these organic matters are 
very heterogeneous as it may have hydrophilic/polar (attracted by water) and 
hydrophobic/non-polar (repelled by water) components. Bulk portion of pesticide is 
attracted by organic matter rater than soil particles because of it chemical nature 
(Pesce  and Wunderlin, 2004). By and large, the pesticide sorption is increased with 
the increase in organic matter (except for ionic molecules). Studies have reported that 
the high soil organic matter can decrease biodegradation rate by tightly binding 
pesticide and making them unavailable for microbes. Contrary to that, organic matter 
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may enhance the rate of biodegradation by co-metabolism. Benoit (2008) have 
reported enhanced biodegradation of some of organochlorine pesticides in presence of 
organic matter.         
2.8.11. Nutrients  
Studies have supported the use of nutrients especially carbon sources for enhancing 
bioremediation (Feo et al. 2013). These nutrients sources produce bio-surfactants 
which in turn promotes the microbial growth (Samadi et al. 2007). Carbon sources 
used in different studies were; glucose, nutrient broth, yeast extract (Anwar et al. 
2009), Biogass slurry, vermicompost, mushroom spent (Kadian et al. 2012), glactose, 
maltose, starch and mannose (Sarkar et al. 2010). The present results validate that the 
isolated Bacillus sp., Pseudomonas sp. and Klebsiella sp may be successfully used in 
water or soil for the bioremediation/biodegradation of chlorpyrifos. Addition of 
carbon source (glucose) may or may not stimulate rapid biodegradation of pesticides, 
this totally depends on microbial specie. Some of the microbial strain co-metabolizes 
glucose and pesticide, other used to prefer glucose over pesticide. The reason to prefer 
glucose over pesticide is the easy metabolism of glucose. Those who (microbe) prefer 
alternate carbon source increase their number very rapidly in presence of glucose and 
as the alternate source deplete they start utilizing pesticide again. This results in the 
temporary log phase and then lag phase starts after some time. In the present study the 
addition of glucose significantly increase the degradation rate, on the contrary Singh 
et al. (2006) reported that the glucose addition significantly reduce CP degradation. 
The typical behavior and growth pattern does not significantly change with the change 
in media, water, MSM or soil. Both abiotic and biotic factors affect the 
biodegradation process. It is highly recommended that abiotic factors must be 
optimized according to the prevalent environment (Mohan and Reddy 2013). Absence 
of the optimized conditions leads to the failure of field trails (Arshad et al. 2008). 
Studies have supported the use of nutrients especially carbon sources for enhancing 
bioremediation (Feo et al. 2013). These nutrients sources produce bio-surfactants 
which in turn promotes the microbial growth (Samadi et al. 2007). Carbon sources 
used in different studies were; glucose, nutrient broth, yeast extract (Anwar et al. 
2009), Biogass slurry, vermicompost, mushroom spent (Kadian et al. 2012), glactose, 
maltose, starch and mannose (Sarkar et al. 2010). The present results validate that the 
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isolated Bacillus sp., Pseudomonas sp. and Klebsiella sp may be successfully used in 
water or soil for the bioremediation/biodegradation of chlorpyrifos. These 3 isolated 
bacterial strains degraded CP both in fumigated and non-fumigated soils, which show 
that these bacteria can survive with indigenous microflora. Addition of carbon source 
(glucose) may or may not stimulate rapid biodegradation of pesticides, this totally 
depends on microbial specie. Some of the microbial strain co-metabolizes glucose and 
pesticide, other used to prefer glucose over pesticide. The reason to prefer glucose 
over pesticide is the easy metabolism of glucose. Those who (microbe) prefer 
alternate carbon source increase their number very rapidly in presence of glucose and 
as the alternate source deplete they start utilizing pesticide again. This results in the 
temporary log phase and then lag phase starts after some time. In the present study the 
addition of glucose significantly increase the degradation rate, on the contrary Singh 
et al. (2006) reported that the glucose addition significantly reduce CP degradation. 
The typical behavior and growth pattern does not significantly change with the change 
in media, water, MSM or soil. Gupta and Baummer (1996) reported the rapid and 2 
times faster degradation by Pseudomonas and Agrobacterium of atrazine with the 
addition of poultry litter. The experimentation resulted in the total breakdown of 
atrazine and no lethal by-product is formed in 60days. 
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Source: George et al., 2014 
Figure 2.1. Purposed chlorpyrifos degradation pathway 
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Source: Timchalk et al., 2006 
Figure 2.2. Major metabolic pathways of chlorpyrifos metabolism 
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Source: Dhanya, 2014 
Figure 2.3. Metabolic pathways of chlorpyrifos metabolism 
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Source: Maya et al., 2015: Tiwari & Guha, 2014: Chen et al., 2012 
Figure 2.4. Ring breakage in chlorpyrifos metabolism  
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2.10. Complete mineralization 
Achromobacter xylosoxidans CS5, was reported by Li et al. (2009) from activated 
sludge, with ability to use endosulfan as source of energy, sulfur and carbon. Strain 
CS5 may use up to 24.8mgL-1 of α-endosulfan and 10.5mgL-1 of β-endosulfan. Xu et 
al. (2008) reported first time the novel strain which have the ability to completely 
mineralize chlorpyrifos and TCP in 4 days with initial concentration of 50mgL-1. This 
strain belongs to the Paracoccus sp and was isolated from activated sludge. Complete 
mineralization was also been reported by Fang et al. (2010). They isolated 
Sphingobacterium sp. from DDT (Dichloro-Diphenyl-Trichloroethane) polluted soil. 
During complete mineralization DDT first undergo dechlorination then 
hydrogenation. The resultant metabolites subsequently go through dioxygenation / 
decarboxylation, and finally phenyl rings are broken down. The addition of glucose 
significantly (p ≥ 0.05) favors the bioremediation process in field trails. This study 
supports the Sphingobacterium sp as potent candidate for water and soil remediation. 
Careful and detailed knowledge of population survival, behavior and interaction is 
needed for effective in-situ bioremediation.   
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Table 2.1. Review of Chlorpyrifos biodegradation studies  
Study  Isolate used Source of isolate Degradation Optimum conditions  Comment 
Aceves-Diez et 
al., 2015 
Bacillus thuringiensis organic waste 83.1% Initilal concentration was 
70 mg kg−1 
 
Deng et al., 
2015 
Stenotrophomonas sp. 
G1 
sludge. 63%  Initial concentration of 
50 mg/L, degradation time 
is 24h, inoculum volume of 
20% (v/v) 
Excellent candidate for 
remediation 
Tijtijana and 
Rada, 2015 
Saccharomyces 
cerevisiae 
Wheat field 97.8% Initial concentrataion was 
200mg/kg 
dissipation of chlorpyrifos-
methyl 
Tiwari and 
Guha, 2014 
enriched indigenous 
soil microorganism 
Contaminated soil 82% 60d anaerobic batch 
experiments in aqueous and 
soil slurry (1:3 w/w) media 
Chlorpyrifos oxon (CPFO) 
was also degradaed 
Yadav et al. 
(2014) 
Pseudomonas (Iso 1) 
sp. 
Sludge Greater than 
91% 
concentration, 500 mg L−1, 
inoculum volume 
300×106 Cfu mL−1, 37 °C 
and  pH 7.5. 
inlet load of 300 mg L−1d−1 
Liu et al. (2012) Bacillus cereus Contaminated soil, 
China 
80% pH 7  
30oC 
Initial conc. Of 150mgL-1, In 
liquid medium  for 5 days 
Gao et al. 
(2012) 
Cladosporium 
cladosporioides 
Hu-01 
contaminated soil > 90% 40 oC  
pH 6.5 
50 mgL-1 of chlorpyrifos, 
showing max activity in 5 
days 
Lu et al. (2013) Cupriavidus sp. DT-1 Sludge samples 
from CP 
manufacturing 
plant,  China 
98%   
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Abraham and 
Silambarasan, 
2013 
Sphingobacterium sp. 
JAS3 
Soil 78% 300 mg l−1 of chlorpyrifos 
5 d,  
Degradation product 
benzene, 1,3-bis(1,1-
dimethylethyl) 
Degradation of chlorpyrifos 
and TCP in soil with and 
without addition of nutrients 
was also studied 
Briceño et al. 
(2012) 
Streptomyces sp. strain 
AC5 
Agricultural 
Soil 
90%   glucose consumption was 
reported, 50 mgL-1 was used 
for 72 h 
Liu et al. (2012) Bacillus cereus Contaminated soil, 
China 
80% pH 7  
30oC 
Initial conc. of 150mgL-1, In 
liquid medium  for 5 days 
Kulshrestha and 
Kumari (2011) 
Acremonium sp. 
(GFRC-1) 
Pesticide 
supplement soil 
About 84% 30oC Maximum degradation was 
observed in 20 days in 
nutrient media, 300mgL-1 
was initially used  
Singh et al. 
(2011) 
Synechocystis sp. strain 
PUPCCC 64 
(cyanobacterium) 
rice field, soil 94% pH 7, 30 oC Maximum concentration of 
15mgL-1 was used  
Awad et al. 
(2011) 
Pseudomonas stutzeri 
(B-CP5) 
Soil contaminated 
with Chlorpyrifos, 
Egypt 
 pH 7, 30 oC Tolerance limit = 300 mgL-1 
Zhu et al. 
(2010) 
Bacillus licheniformis 
ZHU-1 
Farm soil, 
China 
100% pH 7.5, 35 oC 14 days 
Anwar et al. 
(2009) 
Bacillus pumilus C2A1 cotton field soil, 
Pakistan 
89% 37oC 
pH 8.5 
Experimentation was 
conducted in liquid medium 
with Initial conc. of 
1000mgL-1. Maximum 
degraded resulted in 15 days 
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Korade and 
Fulekar 
(2009) 
Pseudomonas 
Nitroreducens PS-2 
Rhizosphere of 
ryegrass 
100%  Initial concentration 100 
mgL-1, in 28 days 
Fang et al. 
(2008) 
Verticillium sp. DSP Soil from China Near 100% pH 7, 35oC Initial conc. 100mgL-1, 
degraded in 7 days 
Lakshmi et al. 
(2008) 
Pseudomonas 
Aeruginosa 
paddy fields, India 87% (liquid 
medium) and 
92% (soil) 
37oC Degradation in liquid 
medium was 20 days and in 
soil it was 30 days 
Xu et al. (2008) Paracoccus sp. TRP sludge, 
China 
100% pH 8, 35oC Complete degradation 
occurred in 48 hrs (50mgL-1) 
Ghanem et al. 
(2007) 
Klebsiella sp. Sludge of effluent  
treatment 
plant, Syria 
92% 37oC 3.84 gL-1 in 4 days 
Xu et al. (2007) Serratia sp. pesticide  
manufacturing unit 
sludge, China 
100% pH 8, 30oC 50 mgL-1 in 18h 
Li et al. (2007) Sphingomonas sp. industrial unit 
sample, China 
100% (liquid 
medium) and 
98% (soil) 
pH 8.7, 30 oC 100mgL-1 was used in liquid 
culture for 2 days and 
30mgKg-1 was used in soil 
for 10days in soil 
Xu et al. (2007) Trichosporon sp. Activated sludge, 
China 
100% pH 7, 30oC Initial conc. of 50mgL-1 was 
used for 5 days 
Yang et al. 
(2006) 
Stenotrophomonas sp. Waste water 
sludge, China 
100% pH 6.3-8.4,  
30oC  
degradation time of 24h was 
in liquid medium and 15days 
in soil for 100mg of 
chlorpyrifos 
Singh et al. 
(2006) 
Enterobacter sp   < 40%  15-35oC  
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Yang et al. 
(2005) 
Alcaligenes faecalis pesticide factory 
soil 
100% pH 8, 30oC 250mgL-1 in 2 days 
Singh et al. 
(2003) 
Enterobacter sp. Agricultural 
Soils, Australia 
100% pH 5.5-7.6, 
35 oC 
100mgL-1 in 10days in liquid 
culture 
Mallick et al. 
(1999) 
Flavobacterium sp. 
TCC27551 
Indian rice field 100% pH 6.5, 28oC Initial conc. = 10 mg. in 
liquid medium it degraded in 
48h and in soil it degraded in 
28 days 
Omar (1998) Aspergillus terreus, 
 
Soil  100% 28oC 4 weeks duration 
Bumpus et al. 
(1993) 
Phanerochaete 
Chrysosporium 
 28%  18d time duration in liquid 
medium 
Lakshmi et al. 
2009 
Pseudomonas 
aeruginosa, 
Paddy field, India 84%, 
84%, 
81%, 
80%, 
respectively 
 in 20 days (50 mgL-1), only 
Pseudomonas aeruginosa 
degradaed TCP (2.5mgL-1) in 
30d in Soil 
Mukherjee et al. 
2004 
Chlorella vulgaris Axenic culture,  
New Delhi 
  Medium used for growth was 
BG11 
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3.1. Chemicals  
Only analytical grade chemicals were used. Chlorpyrifos (95%) was obtained from 
Pak China Chemicals, Lahore. Commercial grade chlorpyrifos was purchased from 
local market. All the growth media, glassware, culture loops and needles were 
sterilized before experimentation.  
3.2. Sampling  
Multan, Bahawalpur, Bhawalnagar and Rehim Yar Khan regions were surveyed and 
sampled. These soils are under extensive pesticide spray over the years. Top soil up to 
10cm deep was collected by the standard methods (Tariq et al. 2006).  
Sludge and wastewater samples were collected from industrial drain at different 
points in sterile glass bottles, using standard protocol. This drain is carrying effluents 
from pesticide manufacturing factory (Pak China Chemicals, Lahore). These sludge 
samples were also transported in ice box and were stored at 4oC to minimize 
physiochemical change (Buranasilp and Charoenpanich 2011). 
3.4. Enrichment, isolation and selection of microbial strains  
Resistant bacterial strains were isolated from soil and sludge samples. The 
composition of minimal salt medium, nutrient agar and nutrient broth is given in 
Table 3.1, 3.2 & 3.3. About 15g of soil/sludge was mixed with 150ml sterile MSM in 
a flask (250ml). 3.75ml of chlorpyrifos was also added in this mixture to attain the 
final concentration of   25mlL-1. This flask was kept on orbital shaker (100rpm) at 
37oC for about a week. Repeated transfer of strain to fresh media and by increasing 
concentration of pesticide the resistant starins were isolated (Ortiz-Hernandez & 
Sanchez-Salinas 2010). 
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Table 3.1.  
Composition of Minimal Salt Media 
 
 Ingredient 
Concentration 
(mgL-1) 
1 MgSO4 200 
2 K2HPO4 900 
3 KCl 200 
4 FeSO4 2 
5 MnSO4 2 
6 ZnSO4 2 
7 NH4NO3 1000 
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Table 3.2.  
Composition of Nutrient agar 
 
 Ingredient 
Concentration 
(gL-1) 
1 Lab-lemco powder 1.0 
2 Yeast extract 2.0 
3 Peptone  5.0 
4 Sodium chloride 5.0 
5 Agar  15.0 
 
 
 
 
Table 3.3.  
Composition of Nutrient broth 
 
 Ingredient 
Concentration 
(gL-1) 
1 Lab-lemco powder 1.0 
2 Yeast extract 2.0 
3 Peptone  5.0 
4 Sodium chloride 5.0 
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3.5. Taxonomic identification of the microbial strain  
3.5.1. Morphological identification 
Isolated strains were initially identified using “Bergey’s Manual of Determinative 
Bacteriology”, on the basis of physiological, morphological and biochemical 
properties (Holt et al. 1994). 
3.5.2. Molecular identification / BLAST analysis 
16s rRNA (ribotyping) was performed by Macrogen (Macrogen Inc., Geumchen-gu, 
South Korea) using universal forward (5ʹGGATTAGATACCCTGGTA3ʹ) and reverse 
primer (5ʹCCGTCAATTCMTTTRAGTTT3ʹ). The identificaltion was conformed 
with >98%similarity to the bacterial species deposited in GenBank. BLAST and 
phylogenetic tree was also constructed using NCBI data base.   
3.6. Culture maintenance  
Selected isolates were aseptically picked up and transferred to nutrient agar slants. 
The slants were then incubated at 37oC for 48h for maximum growth and then stored 
at 4oC. Sub culturing was carried out after every two weeks (Butt et al. 2011). 
3.7. Inoculum preparation  
A loop of bacteria was aseptically transferred to 100ml sterile nutrient broth in a 
500ml flask. The flask was incubated for 24hrs on a rotator shaker (200rpm) at 37oC. 
This bacterial suspension was used to prepare inoculum for further study. 
Haemocytometer was used to quantify cell number. Method used for quantification of 
cells was of Sharma (1989) 
3.8. Biodegradation of pesticide in MSM   
Biodegradation in liquid media was investigated using protocol of (Fang et al. 2008).  
3.9. Biostimulation study for CP biodegradation in MSM  
Average rate of CP degradation was calculated using following equation (Maya et al. 
2011);  
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ɼave(d-1) = Co - Ct / Co (∆t) …………………………………………. Eq. 3.1 
Where; 
Co  = CP concentration at t=0  
Ct   = CP concentration at time t 
ɼave = degradation rate 
t     = time duration  
Parameters investigated were pesticide concentration, temperature, pH, carbon source 
and inoculum density. 
3.10. Bioaugmentation experiment for pesticide degradation in Soil   
Bioaugmentation experimentation was conducted in order to investigate the 
biodegradation potential of selected strain in soil. All the experimentation was run in 
triplicate.  Parameters investigated were pesticide concentration, temperature, pH, 
carbon source and inoculum density. 
3.11. Biodegradation kinetics study  
Biodegradation study was conducted in both MSM and soil. “Michaelis-Menten 
model” was used which is as follows (Maya et al. 2011).  
 dS S ………………………………….……Eq. 3.2 
Dt 
= -Vmax 
S + Ks  
Where; 
S = concentration of substrate 
Vmax = maximum biodegradation rate  
Ks = half saturation constant 
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On integration Eq. (3.2) gives Eq. (3.3) 
1 So So – S Vmax ………………Eq. 3.3 
T 
In 
S 
= 
Kst 
+ 
Ks  
Michaelis-Menten equation was rearranged to generate “Hanes plot”. Hanes plot 
generate straight line when plotted against [S]/v and [S]. The constant Km is used 
instead of Ks because the reaction rate is measured by using intact cell not by the 
purified enzymes (Futamata et al. 2005).  
A value of Km and Vmax was calculated as follows: 
Y intercept = Km / Vmax  ……………………………...…………Eq. 3.4 
Gradient = 1 / Vmax   ……………………………………..….Eq. 3.5 
X intercept = -Km  ……………………………………..….Eq. 3.6 
 
3.12. Extraction of chlorpyrifos  
Liquid sample were centrifuged, dichloromethane (DCM) were mixed, organic layer 
was collected,  evaporated and filtered. The mixture of soil, distilled water and 
acetone was filtered under section (Ortiz-Hernandez & Sanchez-Salinas 2010).    
3.14. Recovery analysis 
Recovery experiment was set up in triplicate for the analysis of methodology used for 
extraction of CP from MSM and soil. Known CP concentration of 1, 5, 10, 25, 50, 
100, 150, 200, 250, 300, 350, 400mgL-1 was added in 25ml MSM under sterile 
conditions. Similarly, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110 and 120mgL-1 of CP 
were added in 50gm of soil. After 24hours, CP was extracted (section 3.12) and 
subsequently analyzed (section 3.13) by the procedure described above (Fang et al. 
2008).       
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3.15. Statistical analysis  
Data was analyzed using Costat and SPSS software. “Analysis of variance 
(ANOVA)” and “Duncan Multiple Range” test was applied. “Standard deviation” was 
calculated among the replicates.  
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4. Results 
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4.1. Enrichment, Isolation and Selection of isolate 
In the 1st phase of this research study, 56 isolates were screened from cotton growing 
agricultural soil of Punjab (Multan, Bahawalpur, Bahawalnagar and Rahim Yar 
Khan). The data for these isolates is given in Table 4.1. These isolates were screened 
on the basis of their resistance towards chlorpyrifos (CP) on minimal slat media 
(MSM). A range of 50-175mgL-1 of CP was used for screening. Out of 56 isolates, 
Ct3 (from Multan region) showed “very good growth” at 175mgL-1 of CP and was 
resistant at 175mgL-1 of CP. Other isolates like Ct6 and Ct10 showed “moderate 
growth” at higher concentration of CP and were less resistant. From Bahawalpur 
region only 3 isolates (Ct27, Ct28 and Ct40) were screened out. All other isolates 
from Multan and Bahawalpur region had variable resistance level towards CP. 
Similarly, from Bahawalnagar region only 2 isolate (Ct41 and Ct47) having resistance 
was isolated. No CP resistant (at 175mgL-1) bacterium was found from Rahim Yar 
Khan Region. 
In the 2nd phase, 27 isolates were screened from sludge of industrial drain that carries 
effluent of Ali Akbar Group (pesticide manufacturing unit). Three isolates (WW1, 
WW2 & WW7) showed resistance toward CP and the data is given in Table 4.2. 
Isolate WW1 was quite resistant as it showed “good growth” at 175mgL-1 of CP. 
whereas, isolate WW2 was less resistant and showed poor growth. Generally it is 
accepted that the bacteria present near the factory outlet will be more resistant as the 
higher concentration of pesticide will be present at that point. As the wastewater 
moves in industrial drain (Pak China Chemical, Pvt Ltd.) more effluents from other 
factories (other than pesticide) add into it, which dilutes the effluent toxicity. The 
same trend is shown in Table 4.2. WW1 and WW2 both were isolated from less than 
20m from factory outlet. Samples collected far from the factory outlet were variably 
resistant at low CP concentration and were non-resistant at higher concentrations of 
CP. WW7 was collected from 61-70m away from outlet and it showed growth at 
150mgL-1 concentration. This may be because of “Cross acclimation.” Cross 
acclimation is the accelerated degradation of pesticide due to the previous application 
of some other chemical belonging to the same chemical class (Singh et al. 2005). This 
cross acclimation results in higher resistance. Ct3, Ct27 and WW1 were selected for 
further experimentation, due to their very good growth at higher concentrations of CP. 
51 
 
The use of indigenous bacteria for bioremediation is recommended by many studies 
as they are well adaptive with prevailing environmental conditions and do not pose 
any serious threat to native flora and fauna (Imfeld and Vuilleumier 2012). 
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Table 4.1.  
Screening of isolates from soil of cotton fields on chlorpyrifos amended medium 
Isolates Area 
Chlorpyrifos concentration (mgL-1) 
50         75        100      125      150       175     
Ct 1 Multan + + + + + - - - - 
Ct 2 Multan + + + + + - - - 
Ct 3 Multan + + + + + + + + + + + +  + + + + + + 
Ct 4 Multan + + + + + - - - 
Ct 5 Multan + + + + - - - - 
Ct 6 Multan + + + + + + + + + + ++ + +  + + 
Ct 7 Multan + + + + + + - - - 
Ct 8 Multan + + + + + + + + - - 
Ct 9 Multan + + + - - - - 
Ct 10 Multan + + + + ++ + + + + + +  +  +  + + 
Ct 11 Multan + + + + + + +  + - - 
Ct 12 Multan + + + + + - - - 
Ct 13 Multan + + +  +  + -  - - 
Ct 14 Multan + + +  + - - - - 
Ct 15 Multan + + +  + - - - - 
Ct 16 Multan +  + - - - - 
Ct 17 Multan + +  + - - - - 
Ct 18 Multan + + +  + + +  + + +  - - 
Ct 19 Multan + + +  + + - - - 
Ct 20 Multan + + +  + + + - - - 
Ct 21 Multan + - - - - - 
Ct 22 Multan + + +  + - - - - 
Ct 23 Multan + +  + - - - - 
Ct 24 Bahawalpur + +  + + +  -  - - 
Ct 25 Bahawalpur + + + + + + + +  + - - 
Ct 26 Bahawalpur + + + + + + - -  
Ct 27 Bahawalpur + + + + + + + + + + + + + + + + + + 
Ct 28 Bahawalpur + + + + + + + +  + + + + + + 
Ct 29 Bahawalpur + + + - - - - 
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Isolates Area 
Chlorpyrifos concentration (mgL-1) 
50         75        100      125      150       175     
Ct 30 Bahawalpur +  + - - - - 
Ct 31 Bahawalpur + + + + + - - - 
Ct 32 Bahawalpur + + + + + + + + +  - - 
Ct 33 Bahawalpur + + + + + +  - - - 
Ct 34 Bahawalpur + +  + +  + - - - 
Ct 35 Bahawalpur + +  + +  +  +  - - 
Ct 36 Bahawalpur + +  - - - - 
Ct 37 Bahawalpur + - - - - - 
Ct 38 Bahawalpur + + + +  +  +  - - 
Ct 39 Bahawalpur + + + + + + + +  + - - 
Ct 40 Bahawalpur + + + + + + + + + + + + + + + 
Ct 41 Bahawalnagar + + + + + + + + + + + + + 
Ct 42 Bahawalnagar + + + + + + + + +   - - 
Ct 43 Bahawalnagar + + + +  + - - - 
Ct 44 Bahawalnagar + +  + +  +  - - - 
Ct 45 Bahawalnagar + +  + +  - - - - 
Ct 46 Bahawalnagar + + + - - -  
Ct 47 Bahawalnagar + + + + + + + +  + +  + + 
Ct 48 Rahim Yar Khan + +  + + + + - - 
Ct 49 Rahim Yar Khan + + - - - - 
Ct 50 Rahim Yar Khan + +  + - - - - 
Ct 51 Rahim Yar Khan + +  + +  +  + - - 
Ct 52 Rahim Yar Khan + +  +  - - - - 
Ct 53 Rahim Yar Khan + +  + +  + - - - 
Ct 54 Rahim Yar Khan + +  + +  +  +  - - 
Ct 55 Rahim Yar Khan + + + + + + + +  +  - - 
Ct 56 Rahim Yar Khan + + + + +  +  + - - 
+ + +  “very good growth” 
+ +  “moderate growth” 
+   “poor growth” 
-  “no growth” 
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Table 4.2.  
Screening of isolates from industrial outlet/drain on chlorpyrifos amended 
medium 
 
Isolates 
Sampling distance  
from factory (m) 
Chlorpyrifos concentration (mgL-1) 
75            100          125          150          175 
WW 1 < 10 + + + + + + + + + + + +  
WW 2 11-20 + +  + +  + + +  + 
WW 3 21-30 + + + +  + + + - 
WW 4 31-40 + + + + +  + +  +  - 
WW 5 41-50 + + + + + + + +  +   - 
WW 6 51-60 + + + + + + + +  + +  - 
WW 7 61-70 + + + + + + + + + + + + + + + 
WW 8 71-80 + + + + + - - 
WW 9 81-90 + + - - - 
WW 10 91-100 + + + - - - 
WW 11 101-125 + + + + + + + +  + - 
WW 12 126-150 + + + + + - - 
WW 13 151-175 +  +  +  - - 
WW 14 176-200 + +  + +  + + - 
WW 15 201-250 +  +  - - - 
WW 16 251-300 + + + + + + + - 
WW 17 301-400 + + + +  +  - - 
WW 18 401-500 + +  + +  +  + - 
WW 19 501-600 +  +  - - - 
WW 20 601-700 +  - - - - 
WW 21 701-800 + + + + + - - 
WW 22 801-900 + +  +  +  +  - 
WW 23 901-1000 + + + + + + + +  +  - 
WW 24 1001-1250 + + + + +  +  - - 
WW 25 1251-1500 + + + + + + +  - - 
WW 26 1501-1750 + +  + + + -  - 
WW 27 1751-2000 +  + - - - 
55 
 
+ + +  “very good growth”   
+ +  “moderate growth” 
+   “poor growth”   
-  “no growth” 
4.2. Taxonomic identification of the microbial strain 
Number of isolates has been isolated by many researchers, which were able to 
degrade CP. This include Arthrobacter sp. (Wang and Xie 2012), Pseudomonas, 
Agrobacterium (Maya et al. 2011), Penicillium oxalicum (Ren-Bang et al. 2010) 
Pseudomonas putida (Sarkar et al. 2010), Bacillus pumilus (Anwar et al. 2009), 
Pseudomonas nitroreducens (Korade and Fulekar 2009), Verticillium sp. (Fang et al. 
2008), Klebsiella sp., Serratia marcescens, Pseudomonas fluorescence (Lakshmi et al. 
2008), Paracoccus sp. (Xu et al. 2008), Sphingomonas, Stenotrophomonas (Li et al. 
2008), Klebsiella sp. (Ghanem et al. 2007), Trichosporon sp (Xu et al. 2007), 
Acinetobactor calcoaceticus, Pantoea agglomerans (Abboud et al. 2007), 
Enterobacter sp. (Singh et al. 2006), Stenotrophomonas sp. (Yang et al. 2006), 
Klebsiella sp., Aeromonas sp. (Ajaz et al. 2005) and Chlorella vulgaris (Mukherjee et 
al. 2004). 
Microbes having capability of degrading metabolites of CP were also reported in 
many studies like, Pseudomonas sp. (Feng et al. 1997), Alcaligenes strain (Yang et al. 
2005). Other strains like, Trichosporon sp./Serratia sp. (co-culture) were able to 
degrade TCP (Xu et al. 2007). However, Enterobacter strain B-14 (Singh et al. 2004), 
Sphingomonas sp. Dsp-2 (Li et al. 2007) and Strenotrophomonas sp. YC-1 (Yang et 
al. 2006) was unable to use TCP as source of energy and carbon. 
4.2.1. Identification of Ct3 
4.2.1.1. Morphological identification 
Biochemical and morphological identification is given in Table 4.3    
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Table 4.3.  
Biochemical and Morphological characterization of isolate “Ct-3”  
S. No Test Characteristics 
1 Gram’s reaction + 
2 Cell shape Rods 
3 Spore formation + 
4 Strict anaerobes - 
5 Starch hydrolysis + 
4.2.1.2. Molecular identification 
16s rRNA sequencing results of Ct3 is given in appendix A. Strain Ct3 shows greater 
than 99% similarity with Bacillus cereus (Table 4.4). Based on the morphological, 
biochemical and 16s rRNA sequencing the strain Ct3 is tentatively identified as 
Bacillus cereus Ct3.        
Table 4.4: Blast N report of strain Ct3 
Subject  Identities  
Description Accession 
number 
Nucleotide 
Match 
(%) 
Bacillus cereus strain IHB B 8024 16S 
ribosomal RNA gene, partial sequence 
KF475814.1 1498 99 
Bacillus thuringiensis strain GTG-3S 16S 
ribosomal RNA gene, partial sequence 
JX841105.1 1498 99 
Bacillus cereus strain 39NIG1 16S ribosomal 
RNA gene, partial sequence 
KJ722444.1 1498 99 
Bacillus cereus strain JN97 16S ribosomal 
RNA gene, partial sequence 
KF150388.1 1499 99 
Bacillus cereus strain JN88 16S ribosomal 
RNA gene, partial sequence 
KF150385.1 1499 99 
Bacillus cereus strain JN13 16S ribosomal 
RNA gene, partial sequence 
KF150337.1 1499 99 
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Subject  Identities  
Description Accession 
number 
Nucleotide 
Match 
(%) 
Bacillus cereus strain JN2 16S ribosomal RNA 
gene, partial sequence 
KF150331.1 1499 99 
Bacillus cereus strain IHB B 6826 16S 
ribosomal RNA gene, partial sequence 
KF668460.1 1498 99 
Bacillus cereus strain S11 16S ribosomal RNA 
gene, partial sequence 
GQ889249.1 1494 99 
 
4.2.3. Identification of WW7 
4.2.3.1. Morphological identification 
Biochemical and morphological characteristics of WW7 is given in table 4.5 
 
Table 4.5.  
Biochemical and Morphological characterization of isolate “WW7” 
S. No Test Characteristics 
1 Gram’s reaction - 
2 Cell shape Rods 
3 Oxidase test + 
4 Glucose fermentation - 
 
4.2.3.2. Molecular identification 
16s rRNA sequencing results of WW7 is given in appendix B. Strain WW7 shows 
greater than 99% similarity with Pseudomonas aeruginosa strains (Table 4.6). Based 
on the morphological, biochemical and 16s rRNA sequencing the strain WW2 is 
tentatively identified as Pseudomonas aeruginosa WW2. 
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Table 4.6: Blast N report for WW7 
Subject  Identities  
Description AC Nucleotide 
Match 
(%) 
Pseudomonas aeruginosa strain IHB B 6863 16S 
ribosomal RNA gene, partial sequence 
KF668476.1 1483 99 
Pseudomonas aeruginosa strain S164S 16S 
ribosomal RNA gene, partial sequence 
JF513146.1 1483 99 
Pseudomonas aeruginosa strain ANSC 16S 
ribosomal RNA gene, partial sequence 
GU296674.1 1483 99 
Pseudomonas aeruginosa PA96 genome CP007224.1 1482 99 
Pseudomonas aeruginosa strain S20410 16S 
ribosomal RNA gene, partial sequence 
KF956583.1 1482 99 
Pseudomonas aeruginosa LESlike4 sequence CP006985.1 1482 99 
 
4.2.2. Identification of stain Ct27 
4.2.2.1. Morphological identification 
The biochemical and morphological characteristics are given in table 4.7  
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Table 4.7.  
Biochemical and Morphological characterization of isolate “Ct-27” 
S. No Test  Characteristics  
1 Gram’s reaction - 
2 Cell shape Rods 
3 Oxidase test - 
4 Lactose fermentation + 
4.2.2.2. Molecular identification 
16s rRNA sequencing results of Ct27 is given in appendix C. Strain Ct27 shows 
greater than 98% similarity with Klebsiella oxytoca (Table 4.8). Based on the 
morphological, biochemical and 16s rRNA sequencing the strain Ct3 is tentatively 
identified as Klebsiella oxytoca Ct27. 
 
Table 4.8: Blast N report for Ct27 
Subject  Identities  
Description AC Nucleotide 
Match 
(%) 
Klebsiella oxytoca HKOPL1, complete 
genome 
NZ_CP004887.1 1050 99 
Klebsiella oxytoca KONIH1, complete 
genome 
NZ_CP008788.1 1050 99 
Klebsiella oxytoca strain M1, complete 
genome 
NZ_CP008841.1 1050 99 
Klebsiella oxytoca E718, complete genome NC_018106.1 1051 99 
Klebsiella oxytoca KCTC 1686, complete 
genome 
NC_016612.1 1050 99 
Klebsiella oxytoca strain CAV1374, 
complete genome 
NZ_CP011636.1 1049 99 
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Subject  Identities  
Description AC Nucleotide 
Match 
(%) 
Klebsiella oxytoca strain CAV1335, 
complete genome 
NZ_CP011618.1 1050 99 
Klebsiella oxytoca strain CAV1099, 
complete genome 
NZ_CP011597.1 1050 99 
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4.3. Growth kinetics study 
The growth curve of selected isolates (Ct3, Ct6 and Ct10) from cotton field is given in 
Figure 4.1. The isolate Ct3 (Bacillus) showed best and fastest growth with maximum 
O.D. (optical density) in 9 days of incubation. Ct3 showed lag phase of very small 
duration, up to 24h. Afterward log phase starts which represent rapid bacterial growth. 
The rapid growth last up to 6days, beyond that the growth rate slows down. After 8 
days of incubation Bacillus sp. does not show further growth which represents the 
stationary phase. This equilibrium may be because of the accumulation of toxic 
materials (metabolites of CP) which are produced during the biodegradation of CP. 
On the other hand the other two strains Ct6 and Ct10 did not showed good growth. 
Ct6 growth curve represents the lag phase of 2days and log phase of 6days. After 6 
days no further increase in growth takes place. The same trend of stationary phase 
was observed in Ct10. The similar growth time/trends was also reported in different 
studies, like 8 days by Bacillus pumilus (Anwar et al. 2009), 30 days by Bacillus 
cereus (Lakshmi et al. 2009) and 4 days by Paracoccus sp. (Xu et al. 2008). The 
strains Ct27, Ct28 and Ct40 were isolated from Bahawalpur region and Ct41 was 
isolated from Bhawalnagar. Out of these, Ct27 (Klebsiella sp.) exhibited maximum 
growth at 175mgL-1 of CP (Figure 4.2). The minimum lag phase was of Ct27. It 
showed 6 days of lag phase and sharp increase in growth occurred from 6th - 21st day. 
After 21st days the growth rate was minimal which represent stationary phase. Ct40 
and Ct41 exhibited longer lag phase of 9 days. Ct40 log phase last up to 18days. 
Whereas the log phase of Ct41 lasts for 22 days but the growth rate was slow as 
compared to Ct40. The longer lag phases by different isolates may be because of the 
tolerance towards high concentration of CP. As the time passes the microbes become 
adaptive and thus the log phase can start. The stationary phase is characterized by the 
presence of toxic metabolites in the medium. Other isolates reporting similar finding 
are Klebsiella sp. and Alcaligenes faecalis showing growth time of 20 and 10 days, 
respectively (Lakshmi et al. 2008 ; Yang et al. 2005).  
Isolated strains from wastewater were allowed to grow in the MSM containing 
175mgL-1 of CP. Growth curves of WW2, WW5, WW4, WW16 and WW17 were 
presented in Figure 4.3. The most resistant and efficient bacteria isolated was 
Pseudomonas (WW5). It showed good growth in 21days with 3days of lag phage. 
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WW4, WW16 and WW17 strains showed poor growth at 175mgL-1 of CP. They show 
longer lag phase (up to 9 days) and attained stationary phase soon. This revealed that 
the strain WW5 (pseudomonas) is more resistant towards metabolites of CP. Lakshmi 
et al. (2009) reported Pseudomonas aeruginosa from paddy field exhibiting growth 
time of 20 days. Similarly, Maya et al. (2011) isolated Pseudomonas sp. having 
potential to grow in 10 days at 200mgL-1 of CP. Pseudomonas putida proficient of 
growing in 36hrs at 10mgL-1 of propargite is also reported (Sarkar et al. 2010). Maya 
et al. (2012) reported 4 fungal strains (Emericella sp., Aspergillus sp., Eurotium sp. & 
Penicillium sp.), tolerant at 225mgL-1 of CP. These all strains exhibit different growth 
pattern ranging from 5-7 days. Klebsiella sp., Bacillus sp. and Pseudomonas sp. were 
selected for biodegradation study. 
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Figure 4.1. Growth profile of selected isolates from cotton growing areas at 
175mgL-1 of chlorpyrifos. 
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Figure 4.2. Growth profile of selected isolates from cotton growing areas at 
175mgL-1 of chlorpyrifos. 
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Figure 4.3. Growth profile of selected isolates from wastewater drain at  
175mgL-1 of chlorpyrifos. 
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4.4. Chlorpyrifos biodegradation through biostimulation of Bacillus sp. in liquid 
medium 
Experiments were carried out to investigate the CP biodegradation potential of 
Bacillus sp. at different conditions.   
4.4.a. Influence of pesticide concentration 
Concentration plays a vital role in degradation rate. Extremely high concentrations of 
active insecticide do not support its biodegradations, as indigenous microbes are not 
resistant at high concentrations. Secondly, very low concentration also inhibits rapid 
biodegradation as pesticides develop strong interactions/affinities with soil 
particles/humus and make pesticides unavailable for microbes. All the experimental 
setup were run in triplicate and compared with control (without inoculum). In the 
present study, different CP concentrations were used, i.e. 200, 300 and 400 mgL-1 
against Bacillus sp. Further higher concentrations of CP were not used as Bacillus sp. 
was non-resistant at them and did not showed very good growth. Figure 4.4 reveals 
that Bacillus degrades CP more rapidly at lower concentrations. In 9 days of 
incubation 83%, 77% and 67% of CP was degraded at 200, 300 and 400mgL-1, 
respectively. At the start of experimentation rate of degradation was slow but as the 
time proceeds, rate of degradation increased. At 200mgL-1 the rapid degradation 
started at 2nd day and after 7th day the degradation curve become almost straight. 
Similarly, at 300mgL-1 rapid biodegradation started at 2nd day and last for 8th day, 
beyond that rate of degradation do not increased significantly. All the further 
experimentations were conducted at 300mgL-1. The degradation at 200mgL-1 and 
300mgL-1 is 19.2% and 14.9% more than 400mgL-1, respectively.    
4.4.b. Influence of temperature 
Temperature plays a very key role in rate of degradation as all the enzymes and 
reactions are sensitive to change in temperature. Figure 4.5 depicts Bacillus sp. 
response at different temperatures ranges. The maximum CP degradation was at 30oC, 
which was 78%. Further increase and decrease in temperature beyond 30oC lowers the 
degradation ability of Bacillus sp. At 40oC, longer lag phase was observed, up to 5 
days only 5% CP was degraded after which increase in degradation was observed 
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which become almost constant after 8 days of incubation. From 8th to 9th day the 
degradation increased from 46-47% (non-significant increase). Similarly at 35oC, lag 
phase of 4days was observed and in lag phase only 7% degradation was reported. The 
lag phase last up to 8days and maximum degradation at 35oC was 62%. At 25oC the 
lag phase was shorter (3days) than 35oC and 40oC. Degradation at 30oC, 25oC and 
35oC was 66%, 53% and 32% more as compared to 40oC. As the degradation was 
maximum at 30oC for that reason all the further experimentations were conducted at 
30oC.  
4.4.c. Influence of pH 
pH directly affects the bacterial growth in liquid medium and as a result, is very 
promising factor in biodegradation ability/rate. Different pH range was investigated in 
order to find the optimum one for maximum biodegradation of CP. In case of Bacillus 
sp., pH 9, 8.5 and 8 were used in experimental setups. Figure 4.6, showed the pattern 
of CP biodegradation at different pH. All these experimental setups differ 
significantly from one another. Maximum CP degradation was at 8.5 pH. Increase or 
decrease in pH from 8.5 results in decrease in degradation. This means that the 
Bacillus sp. prefer to degrade CP at basic pH. The maximum CP degradation was 
82% in 8 days. At pH 8 and 9 maximum degradation of 77% and 73% was observed, 
respectively. The degradation was 12.3% and 5% more at pH 8.5 and 8, respectively, 
than pH 9. All further experimentations of Bacillus sp. were conducted at pH 8.5.  
4.4.d. Influence of C-source 
Microbes capable of degrading insecticides use it as carbon and energy source. But in 
the presence of other easily utilizable carbon sources, the preference of microbe may 
change. For that reason potential of different C-sources in enhancing biodegradation 
rate was tested. Different carbon sources used were, glucose, yeast extract and starch. 
The data is given in Figure 4.7. Bacillus sp. in the presence of glucose show very 
sharp increase in degradation rate (Figure 4.7). Within 24h, 8% degradation was 
observed, this rapid degradation last up to 6 days (81%). Rate of degradation became 
slow after 6th day. Maximum of 87% degradation was observed in 7 days. As 
compared to glucose, yeast extract has less enhancing effect. Up to day 4 the 
degradation was slow, which resulted in 26% (at 4th day). Between 4th and 6th days the 
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degradation rate was very fast and within these two days the degradation increased 
from 26% to 72%. Maximum degradation in presence of yeast extract was up to 78%. 
Whereas, addition of starch show non-significant results at 1st and 2nd day, compared 
to no carbon source. Addition of glucose, yeast extract and starch increased 
degradation by 34%, 20% and 7%, respectively, as compared to no carbon addition. 
These results support the idea of using additional carbon source for enhancing 
biodegradation.         
 4.4.e. Influence of inoculum density 
Five different inoculum densities were tested i.e. 10-4, 10-5, 10-6, 10-7, 10-8 CFUml-1 
(Figure 4.8). At higher densities (10-7and 10-8 CFUml-1) the degradation rate is very 
rapidly. In case of 10-8 (CFUml-1), 30% degradation was observed within 24h. 
Because of the high number of bacterial count the degradation proceeds with a fast 
pace and at day 3 it reached to the 82%. From day 3 to 6 the degradation rate become 
comparatively slow and maximum degradation of 100% was achieved in 6days. The 
somewhat similar trend in degradation was observed at 107 (CFUml-1), it showed 25% 
degradation within 24h and reached to 90% with almost constant rate. The rate of 
degradation show gradual increase until 6 days. With inoculum density of 10-6 
(CFUml-1) the degradation starts from 18% (day 1) to 84% (day 6) with almost same 
rate of degradation. Contradictory to the higher inoculum densities the lower densities 
(10-5, 10-4 CFUml-1) did not show vary rapid increase in CP degradation. 
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Figure 4.4. Effect of pesticide concentration on CP biodegradation by Bacillus sp. 
pH: 7, inoculum density: 105 (CFUmL-1), incubation temp: 30oC and no added 
carbon source. 
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Figure 4.5. Effect of temperature on chlorpyrifos biodegradation by Bacillus sp. 
Chlorpyrifos concentration: 300mgL-1, pH: 7, inoculum density: 105 (CFUmL-1), 
and no added carbon source. 
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Figure 4.6. Effect of pH on chlorpyrifos biodegradation by Bacillus sp. 
Chlorpyrifos concentration: 300mgL-1, inoculum density: 105 (CFUmL-1), 
incubation temp: 300C and no added carbon 
 
0
10
20
30
40
50
60
70
80
90
1 2 3 4 5 6 7
Time (Days)
D
e
gr
a
da
tio
n
 
(%
)
Glucose
Yeast extract
Starch
No added C
 
 
Figure 4.7. Effect of C source on chlorpyrifos biodegradation by Bacillus sp. 
Chlorpyrifos concentration: 300mgL-1, pH: 8.5, inoculum density: 105 (CFUmL-1) 
and incubation temp: 300C 
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Figure 4.8. Effect of inoculum density on chlorpyrifos biodegradation by Bacillus 
sp. Chlorpyrifos concentration: 300mgL-1, pH: 8.5, inoculum density: 105 
(CFUmL-1), incubation temp: 30oC.  
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4.5. Chlorpyrifos biodegradation through biostimulation of Pseudomonas sp. in 
liquid medium 
Series of experiments were conducted to study the effect of different factors on 
biodegradation of CP by Pseudomonas sp. The factors investigated were, CP 
concentration, temperature, pH, carbon source and size of inoculum densities. 
4.5.a. Influence of pesticide concentration 
Figure 4.9 depicts the behavior and degradation pattern/efficiency of Pseudomonas 
sp. at different concentrations of CP. Concentration of 200, 300 and 400mgL-1 was 
used for experimentation and it was observed that the degradation rate is high at low 
concentrations. At 400mgL-1, Pseudomonas sp. degraded only 3.4 % in 3 days, the 
rate of degradation appeared slow till 9 days (degradation was up to 7%). After 9th 
day the degradation rate increased and maximum of 55.6% was achieved in 21 days. 
On the other hand, degradation at 300mgL-1 was low till 9th day, which represents the 
lag phase. Beyond that log phase started and the rapid degradation was observed, 
which lasts for 21 days. Maximum degradation of 68% was observed at 300mgL-1 in 
21 days. In case of 200mgL-1 the degradation started without lag phase. From the start 
of the experimentation the degradation rate was high as compared to the higher 
concentrations. This rapid rate lasts for 18days and then it slows down. Maximum 
degradation was 74% in 21 days. Degradation difference between 200mgL-1 and 
400mgL-1 is 33%.     
4.5.b. Influence of temperature 
Degradation pattern of Pseudomonas sp. is given in Figure 4.10. Pseudomonas sp. 
showed maximum degradation at 30oC. At this temperature lag phase is almost absent 
and 10.3% degradation was observed within 3 days. Degradation proceeded with 
steady rate till 18th  day and resulted in 70% degradation, after ward it entered into 
stationary phase and further increase in degradation stopped. Maximum degradation 
at 30oC was 72.4%. Degradation at all the temperature treatments differs significantly 
with one another. The longest lag phase was observed at 40oC which span up to 12 
days. During this lag phase only 7.6% degradation was achieved. Beyond 12th day the 
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log phase started and up to 21st day only 44% degradation was attained. At 35oC the 
degradation rate showed gradual increase up till 12 days then rate increased sharply 
and after 18 days it became almost constant and ended up with maximum of 53% 
degradation. These results signify that with only slight change in temperature the 
degradation rate significantly increase.     
4.5.c. Influence of pH 
Biodegradation processes are highly influenced by change in pH. Potential of 
Pseudomonas sp. towards biodegradation of CP at different pH range is represented in 
Figure 4.11. Rate of degradation differ significantly at different pH. Optimum pH for 
CP biodegradation is 8. At pH 8, Pseudomonas sp. exhibit very rapid degradation 
right from the start. After 12 days the degradation rate slows down and resulted in 
75.3% degradation (at day 21). Somewhat similar trend was observed with pH of 8.5, 
which end up with 72% degradation. No lag phase was observed with 8 and 8.5 pH. 
Opposite to that, lag phase of 9 days was prevalent at 7 pH. During this lag phase only 
20% of the degradation was gained, from day 9-12 sharp increase in degradation was 
observed (20-43%). Beyond 12th day, degradation rate was less steep and finally 68% 
degradation was achieved in 21 days. The optimum pH (8) was used in further 
experimentation.  
4.5.d. Influence of C-source 
Addition of carbon source may enhance or reduce the biodegradation process. 
Different carbon sources were evaluated to stimulate Pseudomonas sp. for enhanced 
CP biodegradation (Figure 4.12). Carbon sources investigated were glucose, yeast and 
starch. The results indicated that the glucose can be a potential candidate for the 
enhancement of biodegradation. All the 3 carbon sources differ significantly in their 
potential and resulted in higher degradation as compared to absence of carbon source. 
With the addition of glucose the degradation rate becomes very rapid with virtually no 
lag phase and resulted in 79% degradation. Similar trends of no lag phase were also 
observed with yeast extract and starch. Maximum degradation of 69% and 59% was 
achieved with yeast extract and starch, respectively. Addition of glucose enhanced 
39% degradation as compared to the absence of added carbon source. Similarly, 21% 
increase in degradation was achieved with the addition of yeast extract. However, 
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addition of starch did not significantly enhanced biodegradation in the start but as the 
time passes the enhancing effect become more prominent. Starch addition resulted in 
3.5% enhancement in CP degradation as compared to the absence of carbon source.  
4.5.e. Influence of inoculum density 
Inoculum densities (number of cell) of microbes have very promising affect on CP 
degradation. Five different inoculum densities were tested i.e. 10-4, 10-5, 10-6, 10-7, 10-
8 CFUml-1 and the results are presented in Figure 4.13. At higher densities (10-7and 
10-8) the degradation started very rapidly with virtually no lag phase. At 10-8 (CFUml-
1) the log phase lasted for 9 days, afterward stationary phase starts and ended up into 
95% degradation. Similar trend of no lag phase and steep log phase was also observed 
at inoculum densities of 10-7 and 10-6 (CFUml-1). Maximum degradation achieved at 
10-7 and 10-6 (CFUml-1) was 88% and 81%, respectively. Contradictory to the higher 
inoculum densities the lower densities (10-5 and 10-4 CFUml-1) did not show vary 
rapid increase in CP degradation. In fact, the degradation process started slowly with 
longer lag phase and then gradually rate of degradation increased. Change in 
inoculum densities increased percentage degradation and also shorten the time 
duration. 
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Figure 4.9. Effect of pesticide concentration on chlorpyrifos biodegradation by 
Pseudomonas sp. pH: 7, inoculum density: 105 (CFUmL-1), incubation temp: 
37oC and no added supplement. 
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Figure 4.10. Effect of temperature on chlorpyrifos biodegradation by 
Pseudomonas sp. CP conc: 300mgL-1, pH: 7, inoculum density: 105 (CFUmL-1) 
and no added carbon source 
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Figure 4.11. Effect of pH on chlorpyrifos biodegradation by Pseudomonas sp. 
Chlorpyrifos concentration: 300mgL-1, inoculum density: 105 (CFUmL-1), 
temperature: 300C and no added carbon 
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Figure 4.12. Effect of C source on chlorpyrifos biodegradation by Pseudomonas 
sp. CP conc: 300mgL-1, pH: 8, inoculum density: 105 (CFUmL-1) and incubation 
temp: 30oC 
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Figure 4.13. Effect of inoculum density on chlorpyrifos biodegradation by 
Pseudomonas sp. CP conc: 300mgL-1, pH: 8, inoculum density: 105 (CFUmL-1), 
incubation temps: 30oC and C-source: glucose 
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4.6. Chlorpyrifos biodegradation through biostimulation of Klebsiella sp. in 
liquid medium 
Biodegradation potential of Klebsiella sp. was investigated under different conditions.  
4.6.a. Influence of pesticide concentration 
Increase or decrease in CP concentration may lead to success and failure of 
biodegradation experimentation. Different CP concentrations investigated were 175, 
200 and 225mgL-1. Figure 4.14 represents the CP degradation by Klebsiella sp. at 
different concentration. At low CP concentration (175mgL-1) no lag phase was 
observed and degradation proceeds with steady rate up till day 22. After that the 
degradation did not increased significantly. This non-significant degradation rate 
represents the stationary phase, beyond which no further degradation was observed. 
Maximum degradation at 175, 200 and 225mgL-1 was 75%, 67% and 51%, 
respectively. At higher concentrations of 200 and 225mgL-1, lag phase of 9 days was 
observed. After which log phase and rapid degradation was achieved. 
4.6.b. Influence of temperature 
CP degradation pattern of Klebsiella sp. at different temperature is given in Figure 
4.15. The Figure 4.15 narrates that Klebsiella sp. prefer 35oC, as maximum 
degradation was observed at this temperature. Degradation rate at all the temperature 
ranges differ significantly. At 40oC longer lag phase was revealed up to 12 days, after 
that degradation rate increased. Degradation at 35oC was 61% more as compared to 
degradation at 40oC. This signifies the importance of temperature in biodegradation. 
The results also exhibit the temperature tolerance range of Klebsiella sp. In-spite the 
difference in degradation rate and percentage, Klebsiella sp. successfully survived at 
temperature range of 25 – 40oC.    
4.6.c. Influence of pH 
Pattern of CP degradation at different pH range is presented in Figure 4.16, it is 
revealed that optimum pH for Klebsiella sp. is 8. At pH 8, rapid degradation started 
from the start of the experiment till 18th day, afterward stationary phase starts. No lag 
phase was observed which make Klebsiella sp. a good candidate for practical use in 
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bioremediation of contaminated soils. Lag phase of 9 days was observed with pH 6 
and 8.5. At pH 8.5, 7 and 6, maximum degradation was 57%, 70% and 43.4%, 
respectively. The results reveal that slight change in pH may lead to highly significant 
increase or decrease in degradation rate and percentage. For example, degradation at 
pH 8 is 42% more than degradation at 8.5. For further experimentation pH 8 was 
selected.         
4.6.d. Influence of C-source 
The case of Klebsiella sp. is not much different from Bacillus sp. and Pseudomonas 
sp. (Figure 4.17). Here again the order of effectiveness of added C-source is as 
follows;  
glucose > yeast extract > starch. 
When compared with control (no added carbon), glucose increased degradation up to 
19% and yeast extract increased degradation up to 9%. Interestingly no lag phase was 
observed with the addition of glucose and yeast extract. These results revealed that 
Klebsiella sp. can be stimulated with addition of carbon source. The maximum 
degradation in presence of glucose, yeast extract and starch was 93.7%, 86% and 
81%, respectively.  
  4.6.e. Influence of inoculum density 
Inoculum densities (number of cell) of microbes have very promising affect on CP 
degradation. 5 different inoculum densities were tested i.e. 10-4, 10-5, 10-6, 10-7, 10-8 
CFUml-1 (Figure 4.18). At higher densities (10-7and 10-8 CFUml-1) the degradation 
started very rapidly and in 15 days it reached almost at the saturation point. In case of 
10-4 and 10-5 (CFUml-1) the rate of degradation proceeds at steady rate, without any 
lag phase. After 18 days, the maximum degradation at 10-4, 10-5, 10-6, 10-7, 10-8 
CFUml-1 was 81%, 90%, 94%, 98% and 100%, respectively. These results revealed 
that biodegradation can be enhanced by changing inoculum size.    
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Figure 4.14. Effect of pesticide concentration on chlorpyrifos biodegradation by 
Klebsiella sp. pH: 7, inoculum density: 105 (CFUmL-1), incubation temp: 37oC 
and no added supplement 
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Figure 4.15. Effect of different temp. on chlorpyrifos biodegradation by 
Klebsiella sp. CP conc. 200mgL-1, pH: 7, inoculum density: 105 (CFUmL-1), and 
no added supplement 
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Figure 4.16. Effect of pH ranges on chlorpyrifos biodegradation by Klebsiella sp. 
CP conc. 200mgL-1, incubation temperature: 35oC, pH: 7, inoculum density: 105 
(CFUmL-1), and no added supplement 
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Figure 4.17. Effect of different carbon sources on chlorpyrifos biodegradation by 
Klebsiella sp. CP conc. 200mgL-1, pH: 8, inoculum density: 105 (CFUmL-1), and 
incubation temperature: 35oC 
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Figure 4.18. Effect of different inoculum densities on chlorpyrifos 
biodegradation by Klebsiella sp. CP conc. 200mgL-1, pH: 8, incubation 
temperature: 35oC. and C-source: glucose. 
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4.7. Chlorpyrifos degradation by Bacillus sp. in soil 
Different factors which are critical for CP biodegradation in soil were studied. Factors 
studied were; CP concentration, carbon source, temperature, pH and inoculum 
density. 
4.7.a. Influence of CP concentration 
It was generally observed that the isolates had better CP degrading ability in MSM 
than in soil. Figure 4.19 and statistical analysis revealed that the pesticide 
concentration has significant effect on biodegradation rate and efficiency. At higher 
concentration the rate of degradation is slow with longer lag phases, whereas at low 
concentration the biodegradation rate is fast with apparently no lag phase (Figure 
4.19). This longer lag phase may be due to the more time required to maintain 
minimum number of bacteria. In MSM Bacillus sp. reasonably degraded up to 
400mgKg-1 of CP but in soil experiments the same isolate degraded only up to 
200mgKg-1 with variable rates. The data of 75, 100 and 125 mgKg-1 of CP is shown in 
Figure 4.19. After 2 days of incubation the degradation measured was 4.7%, 2.4% and 
2% in 75, 100 and 125 mgKg-1, respectively. With initial concentration of 75 mgKg-1 
the rapid degradation started after 4 days, whereas at 100 and 125 mgKg-1, rapid 
degradation started after 8 days of incubation. The maximum degradation of 66%, 
57% and 43% was observed at 75, 100 and 125 mgKg-1, respectively in 16 days. 
Beyond that no significant increase in CP degradation was observed, may be because 
of 2 main reasons. Firstly, as the concentration of CP decrease in soil the attractive 
forces between remaining CP molecules and soil particles increases, thus making low 
CP concentration non-available for bacterial population. Secondly, as the time passes 
more degradation leads to more accumulation of intermediate metabolites, this may 
hinder the growth of bacterial population. From the Figure 4.19 it is revealed that the 
Bacillus sp. can tolerate broad range of CP concentration.  
4.7.b. Influence of temperature 
Different microbes show different growth pattern at different temperatures. Figure 
4.20 exhibits optimum temperature and maximum degradation of CP by Bacillus sp. 
at different temperatures. Temperature range studied was 30oC, 35oC and 40oC, out of 
these 35oC facilitated maximum degradation. At 35oC, rapid degradation started after 
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6 days of incubation, whereas at 30oC and 40oC lag phase prolonged up to 8 days and 
after that increase in degradation occur. All the temperature treatments differ 
significantly from one another. Maximum degradation at 30oC, 35oC and 40oC was 
45%, 60% and 54%, respectively. The results showed that the temperature tolerance 
range of Bacillus sp. is wide, which is a positive sign for in-situ bioremediation.    
4.7.c. Influence of pH 
Soil pH is one of the promising abiotic factors in biodegradation process. Data of CP 
degradation at different soil pH by Bacillus is given in figure 4.21. All the pH 
treatments differ significantly with one another, which mean that minor change in pH 
impart major change on CP degradation. Bacillus shows optimum pH of 8, where 
maximum degradation of 75% was observed (Figure 4.21). The sharp increase in CP 
degradation started after 6th day and it enters into stationary phase after 14days. 
Maximum degradation at pH 8.5, 8, 7.5 and 7 was 67%, 75%, 65% and 60%, 
respectively. At 16th day all the pH treatments differ significantly, whereas non-
significant results between pH 7.5 and 8.5 were observed at 2nd and 4th day. Figure 
4.21 also reveal that the Bacillus can efficiently degrade CP in wide pH range. This 
makes it a potential candidate for bioremediation.   
4.7.d. Influence of Carbon source 
Organic amendments play a very prominent role in facilitating biodegradation 
process. For the present study 3 carbon amendments were used, mainly farmyard 
manure, green compost and rice husk. Bacillus sp. exhibited different behavior 
towards biodegradation in the presence and absence of organic amendments (Figure 
4.22). As compared to no added carbon source, farmyard manure was the most 
favorable for biodegradation. Green compost and rice husk also facilitated the 
biodegradation process but less then farmyard manure. In 16 days, Bacillus degraded 
CP up to 88%, without showing any lag phase. The percentage degradation differs 
significantly at all the incubation times. The rate of degradation show gradual increase 
from start to day 14, but after day 14 the degradation rate slows down. The same trend 
of no lag phase was also observed in green compost treatment. Maximum degradation 
by Green compost was 83% in 16 days, further increase in time duration did not 
significantly affect the biodegradation. Organic amendments with Rice husk showed 
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different pattern. At the start of experiment it showed lag phase (where degradation 
rate is not increasing sharply) and after 6 days sharp increase in degradation rate 
started, which become stable after 14 days. Maximum biodegradation in presence 
farmyard manure and rice husk was up to 78% and 92%, respectively. Farmyard 
manure is 13% more efficient then rice husk. These results validate that Bacillus sp. 
has a potential to use different organic material and it also enhance CP degradation in 
their presence. 
4.7.e. Influence of inoculum density 
Inoculum size/density imparts very promising effect on CP degradation. Figure 4.23 
shows the effect of inoculum densities on CP degradation by Bacillus sp. This strain 
shows almost the same pattern at different inoculum densities. Maximum degradation 
was up to 100% in 10 days with 108 (CFUg-1). At low inoculum densities (104 and 105 
CFUgm-1) slightly less degradation rate was observed up to 4th day, afterward rapid 
degradation starts. With 107 (CFUg-1) the 100% degradation was achieved within 12 
days.  
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Figure 4.19. Effect of different Chlorpyrifos concentrations on biodegradation by 
Bacillus sp. in laboratory soil. pH: 7, inoculum density: 105 (CFUmL-1), 
incubation temperature: 37oC and C-source: nil. 
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Figure 4.20. Effect of different temperatures on CP biodegradation by Bacillus 
sp. in laboratory soil. CP conc: 100mgKg-1, pH: 7, inoculum density: 105 (CFUg-
1) and C-source: nil. 
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Figure 4.21. Effect of different pH on Chlorpyrifos biodegradation by Bacillus 
sp. in laboratory soil. CP Conc: 100mgKg-1, inoculum density: 105 (CFUg-1), 
incubation temperature: 35oC and C-source: nil. 
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Figure 4.22. Effect of different C-source on Chlorpyrifos biodegradation by 
Bacillus sp. in laboratory soil. CP Conc: 100mgKg-1, inoculum density: 105 
(CFUg-1), incubation temperature: 35oC and pH: 8. 
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Figure 4.23. Effect of different inoculum densities on Chlorpyrifos 
biodegradation by Bacillus sp. in laboratory soil. CP Conc: 100mgKg-1, pH: 8, 
incubation temperature: 35oC and C-source: farmyard manure. 
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4.8. Chlorpyrifos degradation by Pseudomonas in soil 
Soil experiments were conducted in order to study the potential of Pseudomonas sp. 
for CP biodegradation at different environmental conditions.  
4.8.a. Influence of CP concentration 
CP biodegradation by Pseudomonas sp. in laboratory soil was tested at concentration 
of 40, 60 and 80mgKg-1 (Figure 4.24). At low concentration (40mgKg-1) no lag phase 
was observed. The rate of degradation was high from the start of the experiment, up to 
21st day. After 21st day the degradation rate gradually slows down. With the initial CP 
concentration of 60 and 80mgKg-1, the rapid degradation started after 12th and 15th 
day, respectively. The maximum degradation observed was, 69%, 60% and 45% at 
40, 60 and 80mgKg-1 of CP, respectively. The control experiment showed non-
significant degradation. These results indicated that the Pseudomonas sp. can 
withstand different concentrations of CP. For further experimentations concentration 
of 80mgKg-1 was used.   
4.8.b. Influence of temperature 
Time course biodegradation by Pseudomonas sp. at different temperatures is shown in 
Figure 4.25. The data revealed that the optimum temperature for Pseudomonas sp. is 
35oC, where maximum degradation (50%) was observed in 24 days with lag phase of 
9 days. Minimum degradation (39%) was observed at 40oC with lag phase of 12days. 
During this lag phase only 4% degradation occurred. At 30oC, sharp increase in 
degradation started at day 12. Contrary to this, all other temperature ranges showed 
more prolonged log phases. The difference between minimum and maximum 
degradation is 28.2%. This signifies that temperature tolerance range of pseudomonas 
sp. is broad and it can significantly degrade CP at different temperatures. For further 
experimentation 35oC is used.  
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4.8.c. Influence of pH 
To further increase the biodegradation efficiency of Pseudomonas sp. in soil, different 
pH ranges were investigated. The data is given in Figure 4.26. It showed maximum of 
65%, 61%, 57% and 50% degradation at pH 8, 8.5, 7.5 and 7, respectively. At pH 8 
Pseudomonas sp. exhibit lag phase of up to 6 days, log phase up to 21st day, beyond 
which stationary phase appears and lead to no further biodegradation. At pH 8.5 and 
7.5, span of lag phase was up to 9 days. Stationary phase appear early with pH 8.5. 
Pseudomonas sp. showed longer lag phase (12 days) in pH 7. These results indicate 
that Pseudomonas sp. can be used in different soils with variable pH.       
4.8.d. Influence of Carbon source 
Data for biodegradation performance of Pseudomonas sp. in presence of different 
organic amendments is presented in Figure 4.27. Pseudomonas did not exhibited lag 
phase in presence of farm manure, contrary to this presence of green compost, rice 
husk and absence of additional carbon source induce lag phase. Maximum CP 
degradation was 88%, 80%, 73% and 65% by farmyard manure, green compost, rice 
husk and no added carbon, respectively. In the presence of green compost the rate of 
CP degradation become stable after 24 days, similarly in presence of rice husk the 
degradation rate slows down after 21 days. Addition of farmyard manure, green 
compost and rice husk increased CP degradation by 35%, 23% and 12%, respectively. 
These results depicts that biodegradation enhancement potential of different organic 
amendments are in the following order;  
Farmyard manure > green compost > rice husk. 
4.8.e. Influence of inoculum density 
Inoculum size/density imparts very promising effect on CP degradation. Figure 4.28 
shows the effect of inoculum density on CP degradation by Pseudomonas sp. 
Different inoculum densities investigated were 10-4, 10-5, 10-6, 10-7, 10-8 (CFUg-1). All 
the inoculum densities show almost the same pattern of no lag phase. Maximum 
degradation by Pseudomonas sp. at 18th day was up to 100%, with no lag phase and 
very steep log phase. Absence of lag phase is a positive indication that Pseudomonas 
can be used for in-situ bioremediation projects. 
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Figure 4.24. Effect of different chlorpyrifos concentration on its biodegradation 
by Pseudomonas sp. in laboratory soil. pH: 7, inoculum density: 105 (CFUg-1), 
incubation temperature: 37oC and C-source: nil. 
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Figure 4.25. Effect of different temperature on chlorpyrifos biodegradation by 
Pseudomonas sp. in laboratory soil. CP: 80mgKg-1, pH: 7, inoculum density: 105 
(CFUg-1) and C-source: nil. 
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Figure 4.26. Effect of different pH on chlorpyrifos biodegradation by 
Pseudomonas sp. in laboratory soil. CP: 80mgKg-1, inoculum density: 105 (CFUg-
1), incubation temperature: 35oC and C-source: nil. 
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Figure 4.27. Effect of different C-sources on chlorpyrifos biodegradation by 
Pseudomonas sp. in laboratory soil. CP: 80mgKg-1, pH: 8, inoculum density: 105 
(CFUg-1) and incubation temperature: 35oC. 
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Figure 4.28. Effect of different inoculum densities on biodegradation by 
Pseudomonas sp. in laboratory soil. CP: 80mgKg-1, pH: 8, incubation 
temperature: 35oC and C-source: farmyard manure. 
 
4.9.  Chlorpyrifos degradation by Klebsiella in soil 
Soil experimentations were set up to explore the behavior and suitability of Klebsiella 
sp. in soil as bioremediation agent.  
4.9.a. Influence of CP concentration 
Figure 4.29 depicts the rate of degradation by Klebsiella at different concentrations of 
CP. Klebsiella sp. exhibits tolerance up to 70gmKg-1. The maximum CP 
biodegradation was observed with low concentration. This shows that the CP 
concentration has inverse relationship with rate/quantity of biodegradation. At high 
concentration longer lag phase was observed, which last for 12-16 days. After that log 
phase was started. At initial concentration of 70 and 50gmKg-1 only, 8% and 9% 
degradation was observed during lag phases, respectively. This lag phase represents 
the time duration by which microbes adapt themselves according to the new 
environment and maintain their sufficient number which is required for rapid 
biodegradation. The stationary phase started by the 28th day, which represents the 
maximum degradation. The maximum degradation by Klebsiella sp. was 59%, 51% 
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and 39% at 30, 50 and 70gmKg-1, respectively. This wide tolerance range against CP 
concentration is very useful for ecological restoration programs. Initial concentration 
of 50gmKg-1 was selected for further experimentations.   
4.9.b. Influence of temperature 
Figure 4.30 represents the CP degradation data/pattern by Klebsiella sp. All the 
temperature ranges differ significantly from one another. The optimum growth and 
degradation temperature was 35oC, at which maximum degradation was up to 55%. 
On the other side minimum degradation was at 40oC, which was up to 39%. At 30oC 
the degradation rate was high compared to 40oC from the start of the experiment, 
which reaches to the stationary phase at 32nd day. Whereas, at 35 oC Klebsiella sp. 
shows shorter lag phase and slow degradation rate till 12th days, after which the rapid 
increase was observed. The maximum degradation at 30oC, 35oC and 40oC was 48%, 
55% and 39%, respectively. The difference between maximum and minimum 
degradation at 35oC and 40oC was 41%, which emphasize the significance of 
temperature in biodegradation process. The results also highlight the temperature 
tolerance range of Klebsiella sp. This wide temperature tolerance range is extremely 
useful for field application, as temperature changes in field. So microbes having wide 
temperature tolerance range, are more useful as compared to the microbes with 
narrow temperature range.  
4.9.c. Influence of pH 
CP degradation at all pH ranges is non-significant in the start of experimentation (4th 
day). But as the time increases CP degradation become significantly different among 
all treatments of pH (Fig. 4.31). Maximum degradation in 32 days at 8.5, 8, 7.5 and 
7pH was 67%, 73%, 60% and 55%, respectively. Degradation reaches at almost 
stationary phase at 28th day. Optimum pH for Klebsiella sp. was 8, increase or 
decrease from this pH negatively effects the CP degradation. Klebsiella sp. 
significantly degraded CP at all pH and almost same pattern was shown. These results 
conclude that the change in pH affects the degradation rate and percentage, but it will 
continue to proceed and do not stops with the slight disturbance in the environment.    
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4.9.d. Influence of carbon source 
To investigate the potential role of soil amendments in biodegradation process, 3 
organic materials were tested, i.e. farmyard manure, green compost and rice husk. 
From the results (Fig. 4.32), it can be stated that the organic amendments can increase 
the ability of Klebsiella sp. towards biodegradation of CP. Contrary to the results of 
Bacillus sp. and Pseudomonas sp., Klebsiella sp. showed lag phase in the presence of 
all organic amendments except farmyard manure. However the length/duration of lag 
phase was different. In presence of farmyard manure, rapid or enhanced 
biodegradation started from the start of the experiment and attain stationary phase at 
28th day. It exhibited maximum degradation of 96.7% in 32 days. Whereas, in 
presence of green compost first 8 days showed slow degradation and then afterward 
rapid degradation started. In presence of green compost maximum degradation of 
85% was achieved. And after 28 days the increase in degradation rate becomes non-
significant. Rice husk presence resulted in least enhancement (maximum of 78%), it 
reached to the stationary phase at almost 24th day. Beyond 24th day, degradation rate 
was not much prominent. In compassion to no organic amendment, addition of 
farmyard manure, green compost and rice husk, enhanced biodegradation of CP up to 
32%, 16.4% and 7%, respectively. 
 4.9.e. Influence of inoculum density 
Figure 4.33 shows the effect of inoculum density on CP degradation by Klebsiella sp. 
All the inoculum treatments show almost the same pattern of biodegradation. Lag 
phases were not observed in any treatment. However, slight slow rate was shown by 
Klebsiella sp. at 104 (CFUg-1). At 108 and 107 (CFUg-1) the degradation rate was very 
steep and within 12 days degradation reached up to 84.7% and 70%, respectively. 
Addition of high inoculum reduced the total time duration. With 105 (CFUg-1) 96.7% 
degradation was achieved in 32 days, where as inoculum size of 108 (CFUg-1) attained 
100% degradation in 20 days. Similarly, 107 (CFUg-1) maintain 100% degradation in 
24 days. These results indicated that Klebsiella sp. has the potential of rapid 
degradation, which can be attained by adjusting different environmental conditions. 
Maximum degradation in 24 days with 104, 105, 106, 107, 108 (CFUg-1) was 72.7%, 
84.7, 94.2%, 100% and 100%, respectively. 
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Figure 4.29. Effect of different CP concentrations on its biodegradation by 
Klebsiella sp. in laboratory soil. pH: 7, incubation temperature: 37oC, inoculum 
density 105 (CFUg-1) and C-source: Nil. 
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Figure 4.30. Effect of different temperature on CP biodegradation by Klebsiella 
sp. in laboratory soil. CP: 50mgKg-1, pH: 7, inoculum density 105 (CFUg-1) and 
C-source: Nil. 
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Figure 4.31. Effect of different pH on CP biodegradation by Klebsiella sp. in 
laboratory soil. CP: 50mgKg-1, incubation temperature: 35oC, inoculum density 
105 (CFUg-1) and C-source: nil. 
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Figure 4.32. Effect of different C-sources on CP biodegradation by Klebsiella sp. 
in laboratory soil. CP: 50mgKg-1, pH: 8, incubation temperature: 35oC and 
inoculum density 105 (CFUg-1) 
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Figure 4.33. Effect of different inoculum densities on CP biodegradation by 
Klebsiella sp. in laboratory soil. CP: 50mgKg-1, pH: 8, incubation temperature: 
35oC and C-source: farmyard manure. 
 
4.10. Biodegradation kinetic study 
Chemical reaction having single substrate exhibits linear curve, between reaction rate 
and substrate concentration. Whereas, reactions catalyzed by enzymes show 
hyperbolic curve between substrate concentration and reaction rate. When the 
substrate concentration is low the enzymes active sites are vacant and thus has the 
ability to accommodate more substrate. For this reason, at low substrate concentration 
the rate of reaction increases with the increase in substrate concentration. However, at 
higher substrate concentration the active sites become saturated and thus rate of 
reaction approaches constant. “Vmax” is the maximum reaction rate at enzyme 
saturation point. Correlation among reaction rate and substrate concentration is 
dependent on the enzyme affinity for substrate. This correlation is expressed as “Km 
(Michaelis constant)”, an inverse of the affinity. For calculation and practical 
purposes, “Ks” is used instead of “Km” (Maya et al. 2011). Ks is the concentration of 
substrate which permits the enzyme to achieve half Vmax. Apparently, enzyme having 
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high valve of Ks has low substrate affinity and subsequently it need high substrate 
concentration to attain Vmax. 
Ks and Vmax are important in predicting the rate of formation of product and whether 
or not substrate availability affect reaction rate. Those enzymes which have low value 
of Ks are usually saturated and work at relatively constant rate. Such enzymes do not 
get affected with narrow ranges in substrate concentration. On the other hand, 
enzymes having high Ks are not physiologically saturated. As a consequence, changes 
in substrate concentration affect enzyme activity and rate of reaction. Vmax and Ks are 
calculated by measuring the enzyme activity at different substrate concentration. The 
result will give hyperbolic curve, when substrate concentration [S] is plotted against 
reaction rate [V]. 
4.10.a. Biodegradation kinetic study in MSM 
Biodegradation kinetics of Bacillus sp. and Pseudomonas sp. was measured in the 
range of 100-500mgL-1 of CP. Figure 4.34 represents the biodegradation kinetics of 
chlorpyrifos by Bacillus sp. (R2 = 0.9983). The high value of R2 represents the best fit 
of data into Michaelis-Menten equation. Kinetic parameters were calculated using this 
Michaelis-Menten equation (Table 4.6). The values of Ks, Vmax and ratio (Vmax/Ks) are 
102.8494, 49.8489 and 0.4847, respectively. Similarly, kinetic data of Pseudomonas 
sp. is given in Figure 4.35. Similar to the Bacillus sp. data, the R2 value is higher 
(0.9984). However, in case of Klebsiella sp. the CP concentration used for kinetic 
analysis was in the range of 100-225mgL -1, based on its resistance level (Figure 
4.36). At 15th day the R2 value was 0.9945. Calculation of Vmax, Km and ratio of 
Vmax/Km is presented in Table 4.6. Vmax of 3 isolated strains ranged from 49.8489-
18.5878, where highest was observed in Bacillus sp. (49.8489) and lowest value was 
observed in Klebsiella sp. (18.5878). All the Vmax values were significantly different 
from one another. High value of Vmax in Bacillus sp. represents its more potential for 
biodegradation. The Ks values ranged from 102.8494 – 153.5489. With Ks, the theory 
is slight different, those enzymes which have higher valve of Ks are considered less 
efficient. The Ks values of all the isolates are also significantly different from one 
another, which represents the significant difference in potential/behavior towards CP 
biodegradation. Bearing the smallest value of Ks (102.8494), Bacillus sp. is 
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considered the best for biodegradation processes. The order of effectiveness for 
biodegradation is as follows;  
Bacillus > Pseudomonas > Klebsiella. 
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Figure 4.34. Hanes plot, for calculating chlorpyrifos biodegradation kinetics of 
Bacillus sp. in MSM  
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Figure 4.35. Hanes plot, for calculating chlorpyrifos biodegradation kinetics of 
Pseudomonas sp. in MSM 
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Figure 4.36. Hanes plot, for calculating chlorpyrifos biodegradation kinetics of 
Klebsiella sp. in MSM 
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Table 4.9. 
 Kinetic data of Chlorpyrifos biodegradation in MSM 
Isolate Vmax 
(mgL-1D-1) 
Ks 
(mgL-1) 
Vmax / Ks t1/2 
(Days) 
R2 
Bacillus sp. 49.8489 102.8494 0.4847 6 0.9983 
Pseudomonas sp. 22.7944 133.4292 0.1702 12 0.9984 
Klebsiella sp. 18.5878 153.5489 0.1210 15 0.9945 
 
4.10.b. Biodegradation kinetic study in soil 
The data of biodegradation kinetics in soil is represented in Figure 4.37, 4.38. 4.39 
and Table 4.7. The straightness of the Hanes plot is represented by the R2, which 
range from 0.9917 - 0.9948. The Vmax values range from 8.4746 – 18.7627, where 
highest value was observed with Bacillus sp. and lowest value was depicted by 
Klebsiella sp. The ratio of Vmax/Ks is considered more useful tool in predicting the 
efficiency of the isolate toward biodegradation. The range of this ratio was 0.1546 - 
0.0481. The value of this ratio also supports Bacillus sp. for rapid and efficient 
biodegradation and bioremediation. The order of effectiveness for biodegradation in 
soil is as follows;  
Bacillus sp. > Pseudomonas sp. > Klebsiella sp. 
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Table 4.7.  
Kinetic data of Chlorpyrifos biodegradation in soil 
Isolate Vmax 
(mgL-1D-1) 
Ks 
(mgL-1) 
Vmax / Ks t1/2 
(Days) 
R2 
Bacillus sp. 18.7627 121.3562 0.1546 10 0.9919 
Pseudomonas sp. 9.6419 159.0271 0.0606 21 0.9917 
Klebsiella sp. 8.4746 176.1473 0.0481 24 0.9948 
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Figure 4.37. Hanes plot, for calculating chlorpyrifos biodegradation kinetics of 
Bacillus sp. in soil  
 
 
 
 
100 
 
 
y = 0.1037x + 16.493
R2 = 0.9917
-5
0
5
10
15
20
25
30
-160 -120 -80 -40 0 40 80 120
[S] mg/Kg
[S
]/V
 
(m
g/
d/
Kg
)
 
 
Figure 4.38. Hanes plot, for calculating chlorpyrifos biodegradation kinetics of 
Pseudomonas sp. in soil 
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Figure 4.39. Hanes plot, for calculating chlorpyrifos biodegradation kinetics of 
Klebsiella sp. in soil.  
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4.11. Recovery Analysis 
For the verification of our extraction process of CP from MSM and soil, the recovery 
analysis was conducted. The measured quantity of the CP was added into the MSM 
and soil separately. This added CP was extracted with same process as described in 
section 3.12 and subsequently analyzed by method described in section 3.13. The 
graph between added CP and recovered CP gives the straight line. The straightness of 
the line is represented by the R2 value. In case of MSM and soil the R2 values are 
0.9982 and 0.9985, respectively. This symbolizes the accuracy of our extraction 
process. 
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Figure 4.40. Recovery analysis of chlorpyrifos from MSM 
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Figure 4.41. Recovery analysis of chlorpyrifos from soil 
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4.11. Chlorpyrifos degradation Pathway 
From the results of GC/MS it is concluded that the CP first degraded into TCP (3 ,5 
,6-Trichloropyridin) and DETP (Diethyl thiophosphate). The TCP ring is then broken 
down and DETP is mineralized into CO2 and H2O   
Table 4.11: Summary of mass spectrometric data  
Sr. 
#  
Retention 
time 
(min) 
Product  
(m/z) 
Product 
ion  
(m/z)  
Purposed 
compound 
Purposed structure 
1 16.3 350 
322, 
294,198 
Chlorpyrifor (CP) 
 
2 12.65 334 306, 
278 
Chlorpyrifos-
oxon (CPO) 
 
3. 10.02 196  3 ,5 ,6-
Trichloropyridin-
2-ol (TCP) 
 
4.  2.36 170 141, 95 Diethyl 
thiophosphate 
(DETP)  
5 <1.0 153 125, 79 Diethyl 
phosphate 
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Figure 4.41. Purposed degradation pathway of Chlorpyrifos 
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5. Discussion 
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Toxic chemical of organic and inorganic nature are the serious threat to human health. 
Prevention, removal and conversion (to non-toxic states) of these toxic materials is 
challenging. Numbers of physio-chemical techniques are available but they are much 
expensive, target non-specifically and may initiate secondary contamination (Dubey 
and Fulekar 2012). For that reason, eco-friendly abetment techniques are the need of 
an hour. Bioremediation is considered as less expensive, less laborious, eco-friendly 
and efficient. For this bioremediation is gaining popularity for environmental cleanup 
applications (Maya et al. 2011). The present study also deals with the enhanced 
bioremediation of chlorpyrifos in water and soil. One of the most important factors in 
enhanced bioremediation is the presence of resistant microbial agent, which may bear 
the high level of toxicity (Kengara et al. 2013; Latifi et al. 2012). In search of the CP 
resistant microbe, 170 soil samples from cotton growing agricultural fields of Punjab 
province were analyzed. 56 isolates were isolated from them. Simultaneously, 27 
isolates were isolated from sludge of industrial drain caring effluent of pesticide 
manufacturing plant. These isolates were investigated for their resistance level against 
CP (up to 175mgL-1) and variable resistance was observed. Out of these isolates, 3 
strains (Ct3, Ct27 and WW1) were selected for further studies based on their high 
resistance and efficient growth in CP modified medium. These strains were identified 
as Bacillus sp., Klebsiella sp and Pseudomonas sp. This variation in resistance may be 
because of the presence of mpd and opd genes, which produce hydrolase enzymes and 
are responsible for CP degradation (Lu et al. 2013).  
5.1. Biodegradation of pesticide 
Number of studies has investigated the success and failure of bioremediation for 
pesticide removal in soil and water. The present study successfully degraded the 
chlorpyrifos. Some of the other successful pesticide removal studies include, 
hexachlorobenzene (Kengara et al. 2013), chlorpyrifos (Lu et al. 2013), triazophos 
(Liang et al. 2011), cypermethrin (Lin et al. 2011), malathion (Shan et al. 2009), α and 
β endosulfan (Goswami et al. 2009), Dicofol (Osman et al. 2008), chlorferon (Ha et 
al. 2007), methyl parathion (Fang-yao et al. 2007), fenoxaprop-p-ethyl (Song et al. 
2005) and cyclodextrins (Fenyvesi et al. 2005). All the pesticides behave differently 
towards biodegradation and this difference is because of their chemical nature,  
toxicity and other physio-chemical properties (Janin et al. 2013).  
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5.2. Microbial potential towards biodegradation  
Triumphant bioremediation is dependent on presence of potent microbe. For 
bioremediation, microbes must be resistant against high concentration of pollutant and 
its intermediate metabolites. The present study investigated the potential of isolated 
Bacillus cereus Ct3, Pseudomonas aeruginosa WW7 and Klebsiella oxytoca Ct27 and 
found that their efficiency follow the following sequence, Bacillus cereus Ct3 > 
Pseudomonas aeruginosa WW7 > Klebsiella oxytoca Ct27. Number of isolates has 
been reported by many researchers, which were able to degrade CP and other 
pesticides. This include Cupriavidus sp. (Lu et al. 2013), Arthrobacter sp. (Wang and 
Xie, 2012), Pseudomonas, Agrobacterium (Maya et al. 2011), Pseudomonas putida 
(Sarkar et al. 2010), Bacillus pumilus (Anwar et al. 2009), Klebsiella sp., Serratia 
marcescens, Pseudomonas fluorescence (Lakshmi et al. 2008), Klebsiella sp. 
(Ghanem et al. 2007),  Enterobacter sp. (Singh et al. 2006), Aeromonas sp. (Ajaz et 
al. 2005), Chlorella vulgaris (Mukherjee et al. 2004). The abilities of these microbes 
to degrade CP in natural conditions are still unconfirmed (Chishti et al. 2012).  
5.3. Chlorpyrifos biodegradation study in liquid medium (lab) 
The isolated Bacillus cereus Ct3 and Pseudomonas aeruginosa WW7 was resistant up 
to 400mgL-1, whereas Klebsiella oxytoca Ct27 showed resistance only up to 250mgL-
1
. With the initial concentration of 300mgL-1, Bacillus cereus Ct3 degraded 87% of 
CP in 7 days. Similarly, Pseudomonas aeruginosa WW7 was able to degrade 79% CP 
with initial concentration of 300mgL-1. Concentration above 300mgL-1 showed longer 
lag phase. These longer lag phases might because of the requirement of larger 
microbial number and acclimation period to begin enhanced biodegradation 
(Karpouzas and Walker 2000). The order of degradation ability was as follows; 
Bacillus sp. > Pseudomonas sp. > Klebsiella sp. 
As the degradation process starts the amount of pesticide residue start decreasing and 
the amount of metabolites starts increasing (Boettcher et al. 1992). At any time during 
biodegradation, rate of biodegradation is proportional to the residuals concentration of 
pesticide. CP biodegradation involves phopshatase and phospho-mono-esterase 
(enzymes) for the hydrolyzation of O-P bonds (Briceño et al. 2012). This releases 
ethanol, and phosphorous atom is set free. This ethanol is used as energy source and 
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phosphorous atom as phosphorous source by the microbes (Singh et al. 2004; Singh 
and Walker 2006). The rate and limit of CP degradation is different by different 
microbes. Xu et al. (2007) reported Serratia sp. and Trichosporon sp. capable of 
degrading 100mgL-1 of CP in 24h. Enterobacter strain B-14 was reported for 
biodegradation of 250mgL-1, with longer lag phases at higher concentration (Singh et 
al. 2004). However, maximum degradation (up to 89%) of 1000mgL-1 has been 
reported by B. pumilus C2A1 (Anwar et al. 2009). Instead of single bacterium specie, 
consortium of bacteria can be used with even higher degradation rate and limits. For 
instance, consortium of P. putida, P. stutzeri and Klebsiella sp. was able to degrade 
500mgL-1 of CP (Sasikala et al. 2012). This variation in degradation potential at 
different concentration is due to the presence and absence of genes (mpd) and 
enzymes (phopshatase and phospho-mono-esterase) involved in CP degradation (Lu 
et al. 2013).  
All the 3 isolates (Bacillus cereus Ct3, Pseudomonas aeruginosa WW7 and Klebsiella 
oxytoca Ct27) showed different range of temperature tolerance, which was in the 
range of 25-35oC, 25-30oC and 30-35oC, respectively. Optimum temperature 
exhibited by Bacillus sp., Pseudomonas sp. and Klebsiella sp. was 30oC, 30oC and 
35oC, respectively. The results of other studies were in the same alignment (Abboud 
et al. 2007; Anwar et al. 2009). Sarkar et al. (2010) was able to isolate Pseudomonas 
sp. from tea rhizosphere, which showed 69% degradation of propargite (insecticide) at 
30-35oC. Similarly Enterobacter sp. show optimum temperature of 35oC. Degradation 
ability of Enterobacter sp. did not effected significantly within the range of 25-40oC 
the, but further decrease (below 15oC) or increase (above 50oC) in temperature 
drastically reduced the biodegradation (Singh et al. 2006). 37oC has been 
recommended as optimum temperature for Agrobacterium, Bacillus cereus and 
Pseudomonas aeruginosa (Maya et al. 2011). Similarly, biodegradation study by 
Anwar et al. (2009) reported 90% CP degradation (300mgL-1) by Bacillus sp. at 37oC. 
Abboud et al. (2007) reported 90% degradation of alkylbenzosulfonate and sodium 
dodecyl sulfate by Acinetobactor calcoaceticus and Pantoea agglomerans at 30oC. 
Verticillium sp. (a fungal strain) capable of degrading CP, showed maximum 
efficiency at 35oC, which was 1.12 times faster than 20oC. Liu et al. (2012) 
experimentation revealed that Bacillus cereus worked maximum at 30oC and showed 
78% degradation. Whereas, at 25oC the degradation was 75%. Likewise, Li et al. 
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(2008) revealed 30oC optimum temperature with 98% CP degradation by 
Stenotrophomonas sp., Pseudomonas sp. and Bacillus sp. Change in temperature 
influences the solubility, bioavailability and other physio-chemical properties. This 
may be one of the reasons of different biodegradation behavior at different 
temperature (Mohan and Reddy 2013). Another possible justification of variation in 
degradation at different temperature is the optimum temperature of enzymes, which 
are involved (Baczynski et al. 2010). This wide temperature bearing ability favors the 
isolates to work under changing environmental conditions (Liu et al. 2012).     
Experimentations on pH change revealed that Bacillus sp. is very spacious toward pH 
tolerance (7-8.5). However, maximum degradation was observed at pH 8.5, just by 
increasing pH from 7 to 8.5, 11% increase in degradation occurred. Similar trend in 
pH tolerance was shown by Pseudomonas sp. (7-8.5). It showed 10.2% increase by 
changing pH from 7 to 8.5. However, tolerance range of Klebsiella was in a narrow 
range. It efficiently degraded only in the range of 7-8. Beyond this pH range the 
degradation efficiency decrease drastically, degradation at 7 and 8 pH differ about 
15.7%. Possibly, chlorpyrifos degrading enzymes have optimum activity at high pH 
(Swetha and Phale 2005). Results of the other studies also conform this trend (Xie at 
al. 2010; Abboud et al. 2007). This wide pH range sounds very significant. As the 
environmental conditions keeps on changing and hence microbes with wide tolerance 
range have better chance of survival. Singh (2008) reported rapid chlorpyrifos 
degradation by an Enterobacter sp at higher pH, while it was significantly slow at low 
pH. Conversely, Karpouzas and Walker (2000) reported Pseudomonas putida (epI and 
epII) which quickly degraded organophosphate pesticide (ethoprophos) from pH 7.6 
to 5.5. Bacillus cereus demonstrated optimum pH of 7, but pH 6 and 8 also show 
significant similar result compared to pH 7. However pH greater than 8 and less than 
6 significantly inhibit CP degradation (Liu et al. 2012). Beside bacteria, fungal strains 
can also be used for biodegradation of CP and ecological restoration. Fang et al. 
(2008) isolated Verticillium sp. from contaminated soils. This fungal strain was more 
efficient at pH 7. At pH 5 and 9 it exhibited 1.12 and 1.04 times slower degradation 
rate. Optimum pH of 8.5 was also reported by Abboud et al. (2007), who reported 
90% degradation of alkylbenzosulfonate and sodium dodecyl sulfate by Acinetobactor 
calcoaceticus and Pantoea agglomerans. Xie et al. (2010) extracted free enzymes 
capable of degrading CP from WZ-I (Fusarium fungus). These enzymes under 
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immobilized conditions showed optimum pH of 8 for CP degradation. Whereas, 
optimum pH for free enzyme was 6.8. This difference in optimum pH of free and 
immobilized enzyme was due to sodium alginate as embedding medium (Xie et al. 
2005).  
Addition of carbon sources stimulates microbes to degradation more efficiently 
(Anwar et al. 2009). In present results, the glucose significantly elevated 
biodegradation rate. The difference in CP degradation with or without glucose was 
34%, 39% and 19% by Bacillus sp., Pseudomonas sp. and Klebsiella sp., respectively. 
This enhancement in degradation is because of increase in initial growth of microbial 
strains, which leads to the more number of microbes. The order of effectiveness of 
tested carbon sources is as follows; 
Glucose > yeast extract > starch > no added supplement 
Thus more number resulted in more degradation (Swetha and Phale 2005). This 
boosts in biodegradation also represents the phenomena of co-metabolism, where 
addition of easily metabolized organic matter boost degradation of such compounds 
which are usually not used as energy and carbon source (Qiu et al. 2007). Earlier 
findings suggested the use of glucose as co-substrate and the process of co-
metabolism is widely accepted for biodegradation management (Sarkar et al. 2010). 
Pino and Peñuela (2011) reported increased degradation of CP up to 100% within 5 
days of incubation with the addition of glucose by a consortium (Pseudomonas 
Putida, Pseudomonas aeruginosa, Klebsiella sp, Flavobacterium sp and 
Acinetobacter sp). Anwar et al. (2009) isolated Bacillus pumilus from CP 
contaminated agri-soil. This strain completely mineralized 50mgL -1 of CP in just 3 
days in presence of glucose. Other carbon sources like yeast extract and nutrient broth 
also showed positive increase in degradation up to 86% and 92%. However, addition 
of carbon source may not always favors biodegradation. According to Singh et al. 
(2004), glucose presence show negative effect on Enterobacter strain and reduced 
degradation rate. But after 3 days the same strain started consuming CP again. This 
difference might be because of preference of microbe over different carbon source. 
Successfully used carbon sources include, glucose, glalactose, maltose, starch, 
carboxyl methyl cellulose, xylose, mannose, sorbitol and salicin. Among all these 
carbon sources glucose showed most significant enhancement and next to that was 
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glalactose. Starch and maltose did not show any significant effect (Sarkar et al. 2010). 
Maltose has the tendency to enhance degradation of alkylbenzosulfonate and sodium 
dodecyl sulfate at concentration of 0.2% by Acinetobactor calcoaceticus and Pantoea 
agglomerans (from wastewater). However, succinate failed in enhancing significant 
degradation (Abboud et al. 2007).  
The results of the present study reveals that the inoculum density of 105 (CFUml-1) is 
sufficient for excellent biodegradation. Increase in degradation rate can be achieved 
by increasing the inoculum size. However, small inoculum size (below 105 CFUml-1) 
leads to the poor degradation with longer lag phase. Chen and Alexander (1989) 
suggested that this longer lag phase represents the time for growth of active bacterial 
population which is in small number. And rapid degradation starts when their number 
reach to a certain sufficient level. Before that significant number of active bacterial 
population, biodegradation cannot proceed (Anwar et al. 2009). This significant 
number depends on resistant level and on the chemical nature of pesticides to be 
degraded (Fang et al. 2008). Other studies also support present results. Li et al. 
(2008), observed 98% CP degradation with 108 cellsml-1. Singh et al. (2006) reported 
rapid CP (250mgL-1) degradation with initial inoculum densities above 105CFUml -1. 
In the same study, 103 and 104 CFUml-1 showed longer lag phases and inoculum 
densities below 103 did not degraded CP significantly. Whereas, Anwar et al. (2009) 
reported that inoculum density below 105CFUml-1 show longer lag phase and rapid 
degradation was observed at 109 CFUml-1 in 5 days of incubation. Different 
researchers have used different initial inoculum densities for CP biodegradation, like 
2 x 108 cellsg-1 for 50mgL -1 (Lakshmi et al. 2008), 108 cellsml-1 for 100mgL -1 (Li et 
al. 2008), 108 CFUml-1 for 200mgL-1 (Maya et al. 2011), 107 CFUml-1 for 1500mgL-1 
(Pino and Peñuela. 2011) and 106 cellsml-1 for 100mlL-1 (Liu et al. 2012). Similarly, 
Korade and Fulekar (2009) reported 106 CFUml-1 of Pseudomonas nitroreducens and 
2% of 1 x 106 CFUml-1 for 50mgL-1 of cypermethrin (Chen et al. 2012). 
5.4. Chlorpyrifos biodegradation study in laboratory soil (lab) 
Soil experimentations were conducted, to investigate the potential of selected strains 
towards CP biodegradation. Those microbes which cannot compete with soil 
microflora are not considered potential candidate for in-situ bioremediation (Singh et 
al. 2006).   
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Many authors has reported biodegradation of CP by different microbes in soil like; 
Bacillus latersprorus (Wang et al. 2006), Fusarium LK Alcaligenes faecalis (Yang et 
al. 2005), (Wang et al. 2005), Aspergillus sp. (Liu et al. 2003) and Trchoderma Y (Liu 
et al. 2002). In the present study Bacillus sp. showed tolerance up to 125mgKg-1 of 
CP. On the other hand Pseudomonas sp. had tolerance limit of 80mgKg-1. The 
minimum resistance was of Klebsiella sp. (70mgKg-1). Concentration above the 
tolerance limit will be detrimental to microbial community structure. The maximum 
and most fast degradation was done by Bacillus sp. i.e. 66% in 16 days with initial 
concentration of 75mgKg-1. The rate and efficiency of other 2 isolates were less than 
this. All the 3 isolates showed longer lag phases in soil then in MSM. This is because 
of lack of nutrients in soil. Hua et al. (2009) conducted CP degradation in soil with the 
initial concentration of 4, 8 and 12mgKg-1 and reported biodegradation up to 83%, 
81.6% and 79.5%, respectively. The incubation time was 35 days. According to this 
study, higher concentrations have more inhibitory effects on soil microflora then 
lower concentrations. Shan et al. (2006) reported very sharp inhibitory effect at 
10mgKg-1. Singh et al. (2006) concluded that Entrobactor sp. can survive the initial 
concentration of 35mgKg-1. Ahmad et al. (2012) reported Bacillus pumilus C2A1 
having the ability to withstand at 25-50mgKg-1 of CP in soil. This strain exhibits 97% 
degradation in 45 days. Presence of Bacillus pumilus C2A1 also decreased the 
translocation of CP in plant (ryegrass) tissues especially shoot and root.     
Organic amendments are used to improve soil fertility, beside this they also 
stimulating the soil micro flora and thus leads to enhancement in biodegradation of 
pesticides. Therefore, in present study 3 carbon amendments were tested, these are 
farmyard manure, green compost and rice husk. All the 3 amendments were 
significantly different from one another in enhancing degradation but farmyard 
manure was most effective. Presence of farmyard manure increased CP degradation 
by 27%, 35% and 32% with Bacillus sp., Pseudomonas sp. and Klebsiella sp., 
respectively. The significance of different organic amendments is as follows: 
farmyard manure > green compost > rice husk > no added organic amendment 
Other studies has also reported the usefulness of different organic amendments like, 
farmyard manure, public green compost (Romyen et al. 2007), urban solid waste, 
coconut husk, rice husk (Coppola et al. 2007), poultry liter (Gupta and Baummer 
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1996), sheep manure (Fenoll et al. 2011), nut shells and mushroom spent (Kadian et 
al. 2012). Tejada et al. (2011) used cow manure and municipal waste as organic 
amendment to study its effect on biodegradation. These organic wastes contain humic 
acid and fulvic acid, which alter the bioavailability of CP to microbes. It was 
suggested that those organic amendments which contain high humic acid favors rapid 
CP degradation. However, fulvic acid play minimum role in bioremediation of CP in 
contaminated soils. Stark et al. (2007) investigated changes in microbial community 
size and composition with addition of nitrogen and green manure. The results 
revealed that green manure increase microbial biomass. Whereas, soil microbial 
community composition is more dependent on abiotic factors rather than management 
practices. Wang et al. (2011) hypothesized that individual production practices exerts 
bad effects on microbial biomass and total carbon in soils. The study reported that 
labile carbon in soil can be transformed into stable pools by reducing tillage and 
increasing organic carbon contribution. Pesticide transport in the presence of organic 
amendments is still unclear. On one hand, high organic content favors the retention of 
pesticides in soil. On the other hand, high dissolve organic matter may assist their 
mobility and transport (Fenoll et al. 2010). However, many authors are still unable to 
develop strong relationship between pesticide transportation and amount of organic 
matter. This uncertainty may be because of the wide structural variation of organic 
material used (Fenoll et al. 2011).    
Size of the inoculum plays very promising role in biodegradation in soil. Bacillus sp. 
in the present study degradaed 100% CP in 12 days with the inoculum density of 107 
CFUg-1. Whereas, Pseudomonas sp. and Klebsiella sp. completely degraded CP in 21 
and 28 days. inoculum density of 105 and 106 CFUg-1 also exhibited the same trend. 
However, inoculum density less than 103 CFUg-1 was not much effective in initiating 
CP degradation. This failure of CP degradation at lower density is because of less 
number of microbial cells (Ahmad et al. 2012). Liang et al. (2011) reported 
Diaphorobacter sp. GS-1, capable of degrading chlorpyrifos, triazophos and 1-
phenyl-3-hydroxy-1,2,4-triazole up to 100%, 95% and 100%, respectively, at 
inoculum density of 107 CFUg-1 in 21 days. Strain B-14 successfully degraded 100% 
with inoculum size of 106 cellsg-1, however this strain was not successful in degrading 
TCP. Strain Dsp-2 showed 98% degradation in 30days with the initial concentration 
of 100mgKg-1 (Li et al. 2007). Similarly, in lab scale soil experimentation of 30 days, 
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Cupriavidus sp. DT-1. degraded 100% CP and 94.3% TCP with the initial inoculum 
of 106 cellsg-1 (Lu et al. 2013).  
Table 5.1 depicts that the degradation efficiency of different microbes is different 
towards CP. Screening of most resistant and efficient microbe is most important. The 
present study thus represents the efficient degradation (Table 5.1) 
 
Table 5.1. Comparison of chlorpyrifos biodegradation efficiency  
 
Study  Isolate used Degradation Comment 
 
Present 
study 
Bacillus cereus 
Ct3 
87% Initial conc. 300mgL-1, in 
liquid medium for 8 days, 
Present 
study 
(Farhan et 
al. 2012) 
Pseudomonas 
aeruginosa WW7 
79% Initial conc. 300mgL-1, in 
liquid medium for 16 days 
Present 
study 
(Farhan et 
al. 2013) 
Klebsiella 
oxytoca Ct27 
72% Initial conc. of 300mgL-1 in 
liquid medium for 21 days. 
Liu et al. 
(2012) 
Bacillus cereus 80% Initial conc. of 150mgL-1, In 
liquid medium  for 5 days 
Gao et al. 
(2012) 
Cladosporium 
cladosporioides 
Hu-01 
> 90% 50 mgL-1 chlorpyrifos, max 
activity in 5 days 
Kulshrestha 
and 
Kumari 
(2011) 
Acremonium sp. 
(GFRC-1) 
About 84% Maximum degradation in 20 
days in nutrient media, 
300mgL-1 was initially used  
Zhu et al. 
(2010) 
Bacillus 
licheniformis 
ZHU-1 
Almost 100% 100 mgL-1 Chlorpyrifos  in 
soil after 14 days 
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Study  Isolate used Degradation Comment 
 
Anwar et al. 
(2009) 
Bacillus pumilus 
C2A1 
89% Experimentation in liquid 
medium, Initial conc. 
1000mgL-1, in 15 days 
Korade and 
Fulekar 
(2009) 
Pseudomonas 
nitroreducens 
PS-2 
100% Initial concentration 100 mgL-
1
, in inoculated rhizosphere 
after 28 days 
Fang et al. 
(2008) 
Verticillium sp. 
DSP 
Near 100% Initial conc. 100mgL-1, 
degraded in 7 days 
Li et al. 
(2007) 
Sphingomonas 
sp. 
100% (liquid 
medium) and 
98% (soil) 
100mgL-1 was used in liquid 
culture for 2 days and 
30mgKg-1 was used in soil for 
10days in soil 
Yang et al. 
(2006) 
Stenotrophomona
s sp. 
100% degradation time of 24h was 
in liquid medium and 15days 
in soil for 100mg of 
chlorpyrifos 
Yang et al. 
(2005) 
Alcaligenes 
faecalis 
100% 250mgL-1 in 2 days 
 
5.5. Biodegradation kinetic study 
The results of the present kinetic study are aligned with other studies. In MSM the 
range of Vmax is 18.58 - 49.84 and that of Ks is 102.83 – 153.54 by Bacillus sp., 
Pseudomonas sp. and Klebsiella sp. The kinetic study reports that the order of 
effectiveness of 3 isolates is in the following order; 
Bacillus sp. > Pseudomonas sp. > Klebsiella sp. 
Similar effectiveness pattern was also observed in soil experimentation. In soil the 
Vmax ranged from 8.47 – 18.76 and Ks ranged from 121.35 – 176.14. Kinetic study in 
soil revealed the following sequence of effectiveness; 
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Bacillus sp. > Pseudomonas sp. > Klebsiella sp. 
Maya et al. (2011) reported Km and Vmax for CP and TCP for Bacillus, Pseudomonas, 
and Agrobacterium. The range of Km for CP was from 97-142.3mgL -1 and 103.09-
148.8mgL -1 for TCP. The Vmax varied from 7.4-12.1mgL -1 and 14.9-21.2mgL -1 for 
CP and TCP, respectively. Fang et al. (2008) calculated reaction rate (Vmax) as 12.171 
and R2 as 0.9870 for Verticillium sp. 
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5.6. Chlorpyrifos biodegradation pathway 
Biodegradation of CP is carried out by microorganisms under both aerobic and 
anaerobic conditions. There are two major types of microbial degradation paths for 
CP. These are catabolism and co-metabolism or incidental metabolism. Catabolism 
involves complete degradation (mineralization) of an organic compound or a part of 
it, while incidental metabolism involves the partial degradation of an organic 
chemical with no net benefit to the organism (Racke, 1993). A schematic 
representation of CP breakdown mechanism is depicted in Figure 4.41. Under aerobic 
conditions, CP undergoes oxidative desulfuration or dearylation to form highly 
electrophilic intermediates, CP-oxon or TCP and DETP, respectively. Further, 
detoxification of CP-oxon occurs through hydrolysis, resulting in the formation of 
diethyl phosphate (DEP) and TCP. Sardar & Kole (2005) reported that CP is 
metabolized through hydroxylation in the soil to generate TCP which further forms 
3,5,6-trichloro-2-methoxy-pyridine (TMP). Singh & Walker (2006) has shown that 
the hydrolysis of DETP yields phosphorothioic acid and ethanol, which act as a 
source of sulphur, phosphorus and carbon by the CP degrading microorganisms. They 
also reported that reductive dechlorination of TMP produces 2,3-dihydroxypyridine 
which undergoes hydroxylation to yield 2,5,6-trihydroxypyridine. The metabolites of 
the reaction schemes undergo further oxidation to produce aliphatic amines, inorganic 
phosphate, carbon fragments etc. (Singh et al., 2006). In a recent study, Reddy et al. 
(2013) have reported another pathway for 2,3-dihydroxypyridine breakdown yielding 
maleamic acid which further oxidise to form pyruvic acid. The products enter the 
Krebs cycle of the CP degrading microorganisms. Recently, a degradation pathway of 
CP under anaerobic conditions has been reported by Tiwari & Guha (2014). The CP 
degradation products TCP and DETP are detected indicating that CP is directly 
hydrolyzed to TCP and releases DETP. Degradation of TCP and DETP was evident 
from the experiments, but TMP or other degradation products could not be detected 
indicating that CP was completely mineralized (Maya et al., 2015: Tiwari & Guha, 
2014). 
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6. Conclusion 
Bioremediation is earning popularity as the pesticide pollution is increasing at an 
alarming rate in the agricultural sector, posing serious threats to humans and the 
pristine ecosystems. The present study was successful as it provided the eco-friendly 
solution of chlorpyrifos (organophosphate insecticide) pollution. The isolated 
bacterial strains (Bacillus cereus Ct3, Pseudomonas aeruginosa WW7 and Klebsiella 
oxytoca Ct27) can be used in water or in soil as well.  
Following outcomes of the present research are worth mentioning:  
• The isolated strains are resistant at higher level of chlorpyrifos, i.e. up to 
400mgL-1 
• Initial concentration up to 300mgL-1 was successfully degradaed with 84% 
efficiency. 
• These strains are efficient in both liquid media and soil, which is a positive 
sign for usage in agricultural fields. 
• Temperature and pH tolerance range of strains is broad, which will enable 
them to work in wider geological area.   
• All the 3 bacterial strains are indigenous, so they do not pose any serious 
threat to local flora and fauna.  
• It provides natural and eco-friendly solution of chlorpyrifos pollution.   
• This will lead to the cleaner environment by reducing the tendency of CP 
bioaccumulation.      
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7. Future prospects   
• To study the biodegradation of different hazardous pesticides other than 
chlorpyrifos  
• Inspect the movement of hazardous pesticides in different biotic and abiotic 
components of ecosystem.    
• Isolate those strains which are resistant against multiple pesticides. 
• Development of seed culture that is easy to apply in fields. 
• Investigate different modes of application.  
• Explore the changes in microbial community structure/composition during 
course of bioremediation. 
• Work out the economic feasibility of using these strains. 
• Conduct cost benefit analysis, in order to find the paybacks and limitations of 
this technique  
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Appendix I 
INTRODUCTION
Now days, pesticides are the important component in
agriculture. Pesticide use is increasing, due to increasing pest
attack and continuously increasing population. It is believed
that world's food demand cannot be achieved without use of
pesticides. These pesticides are detrimental for ecosystem
health and food chain1. Most of the pesticides are resistant
towards degradation and remain available in soil/water for long
durations. The problem in further aggravated by the use of
those pesticides which has high bioaccumulation potential.
These pesticides enter in food chain via different routes and
then accumulate in organisms. Their concentration increases
from one trophic level to next trophic level2. Among different
types of pesticides, organochlorine and organophosphates are
more widely used. Organochlorine is more bioaccumulative,
target non-pest organism and are persistent. Because of these
problems organophosphates are replacing organochlorines.
Organophosphates have more efficacies and less persistence
but are neurotoxic3.
Chlorpyrifos (CP) is widely used organophosphate insec-
ticide against mosquitoes, flies, termites and number of soil
insects. Its degradation and half life depend on concentration,
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Pesticide pollution is increasing day by day and most of them are persistent in environment. In the present study, we isolated microbial
strains from cotton growing agricultural soils which are under widespread use of chlorpyrifos (CP). The chlorpyrifos tolerance limit of
isolated strains differs significantly from one another. Ct3 (Bacillus cereus) was most resistant and efficient in degrading chlorpyrifos.
Number of parameters that affect rate of biodegradation and efficiency were investigated. These parameters include, chlorpyrifos
concentration, alternate carbon source, inoculum size and pH. Stain Ct3 was able to utilize chlorpyrifos as carbon and energy source and
also show efficient degradation in presence of glucose as alternate carbon source. Enhanced biodegradation in presence of glucose may be
due to the rapid increase in number of bacteria. Ct3 was more efficient at pH 8.5 and high inoculum density. However, the recommended
inoculum size is 106 cells L-1. Maximum degradation achieved was 88 %, with the initial concentration of 300 mg L-1. The time taken for
this was 7 days. This study was successful in chlorpyrifos biodegradation and this can be used for ecological restoration of sites contaminated
with chlorpyrifos.
Keywords: Bioaugmentation, Biodegradation, Chlorpyrifos, Eco-restoration, Kinetics.
bioavailability, presence of nutrients, substrate, prevailing
environmental conditions, pH, growth rate and inoculum size4.
It may persist for more than one year. Earlier researchers were
on the view that alkaline nature of soil is responsible in
pesticide dissipation from the environment. The mechanism
hypothesized was of hydrolysis5. Further investigations
revealed that pesticides dissipation in not possible in sterile
soils. These and similar results highlighted the importance of
soil micro flora and fauna in pesticide removal from the soil.
The process involved in this removal is biodegradation. This
initiated the attempt to isolate more resistant and potent
microorganism that could degrade chlorpyrifos6.
As a rule of thumb, those soils which are under extensive
and frequent pesticide spray contain more resistant bacteria.
Over the years these bacterial strains may have evolved charac-
teristic features that facilitate them to withstand the toxicity
of pesticide and degradation7. Such microbes are the possible
solution of soils contaminated with pesticides and may be used
for eco-restoration projects. One of the biggest hindrance in
finding chlorpyrifos degrading microbe is that one of its
metabolite (3,4,6-trichloro-2-pyridinol, TCP) is also toxic. For
that reason, to degrade chlorpyrifos, microbe must be tolerant
against both, chlorpyrifos and 3,4,6-trichloro-2-pyridinol8.
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Singh et al.9 isolated Enterobacter sp. from soil contami-
nated with chlorpyrifos. This strain was competent for superior
biodegradation. Similarly, Li et al.10 successfully isolated
Sphingomonas sp. which can degrade 0.1 g L-1 chlorpyrifos
into 3,4,6-trichloro-2-pyridinol. On the other hand, Pseudomonas
sp. was more potent and effective in degrading atrazine at basic
pH. Elevated organic content also facilitate this bacteria6. In
the same way, inoculum size also play vital role. Generally,
recommended inoculum size for in situ bioremediation is 106-
108 cells g-1 of soil. Conversely, 105 cells g-1 of Agrobacterium
strain was sufficient for rapid biodegradation11. Isolated
microbes also need to be optimized against pesticide concen-
tration in order to prevent failure of bioremediation. Chlorpyrifos
metabolize into 3,4,6-trichloro-2-pyridinol which has more
solubility in water compared to chlorpyrifos. Fate of 3,4,6-
trichloro-2-pyridinol in environment is not well understood2.
Present study was designed to investigate the agricultural
soil for isolation of chlorpyrifos resistant bacteria, which can
degrade chlorpyrifos. Secondly, behavior of isolates at high
chlorpyrifos concentration will be investigated. Thirdly, to
achieve the maximum and rapid degradation, important factors
were also optimized.
EXPERIMENTAL
Soil sampling: Areas from where soil samples were collected
include, Rajan pur, Multan, Faisalabad, Muzafaraghar,
Bahawalpur and D.G. Khan. Protocol used for sampling was
of Tariq et al.3.
Isolation and identification of microbial strains: For
isolation, approximate 30 g of soil was mixed with sterile
minimal salt medium (MSM) in a flask. Later 25 mg L-1 of
chlorpyrifos was added in flask and was shaked at the speed
of 100 rpm. After 1 week, 10 mL culture was transferred to
fresh minimal salt medium containing pesticide. Same proce-
dure of transferring culture to fresh minimal salt medium was
repeated after every week. Increased concentration of pesticide
is used in every successive week. For screening and isolation
maximum concentration of chlorpyrifos used was 150 mg L-1.
Loss in minimal salt medium volume due to evaporation was
maintained by adding appropriate volume of distilled water.
From the last sub-culture, 10 fold serial dilutions were prepared
and subsequently each dilution (150 µL) was spread on nutrient
agar plate. These nutrient agar plates also contain 150 mL L-1
of chlorpyrifos. That bacterial strain which is resistant against
chlorpyrifos showed growth on nutrient agar plates. Resistant
colonies were picked and further purified to get monoculture12.
Morphological, physiological and biochemical characteristics
of selected isolate was used for its identification using Bergey's
Manual of Determinative Bacteriology13.
Inoculum preparation: Seed culture was prepared in
nutrient broth. Centrifugation of seed culture was carried at
4600 rpm for approximately 10 min. Pellets were washed with
sterile N-saline (0.9 %) and were resuspended again in 0.9 %
N-saline. Optical density was measured at the wavelength of
590 nm and seed culture quantification was done by dilution
plate count method14.
Biodegradation of pesticide: Shake flask study was
conducted to investigate the chlorpyrifos biodegradation
potential of selected isolate. 30 mL minimal salt medium,
pesticide (known concentration) and inoculum (quantified) was
mixed in a flask15. Constant incubation (37 °C) and shaking
(100 rpm) was carried for up to 12 days. For the purpose of
compassion, control was also set without inoculum. All the
flasks were set in triplicates. To measure the biodegradation
rate and quantity, sample were drawn (aseptically) from
flasks14. The present research only deals with the degradation
of chlorpyrifos not its metabolites.
To study the effect of chlorpyrifos concentration on rate
of degradation and microbial behavior 3 concentrations were
used i.e. 200, 300 and 400 mg L-1. In each experimental setup
only chlorpyrifos concentration was changed and rest of the
condition remained same. Carbon sources tested were, glucose,
mannose and starch. Similarly, degradation pattern at different
inoculum size was also investigated by changing inoculum
size from 104-108 CFU mL-1. pH was optimized by conduction
experimentations in acidic, neutral and basic pH.
Kinetics study: Michaelis-Menten model was used to
calculate biodegradation kinetic constants16. The general form
of Michaelis-Menten kinetic relation is:
s
max KS
SV
dt
dS
+
−= (1)
where; S = concentration of substrate, Vmax = maximum biode-
gradation rate, Ks = half saturation constant
Extraction and HPLC analysis of chlorpyrifos: 10 mL
sample was centrifuged (7200 rpm) for 10 min to separate
bacterial cells from the liquid medium. In supernatant, same
volume of dichloromethane was added, shaked and organic
layer was collected. Later dichloromethane was evaporated at
room temperature and filtered to remove any particle. Residues
were dissolved in acetonitrile and filtered again, in order to
extract the entire chlorpyrifos. Varian HPLC (equipped with a
ternary gradient pump, UV detector, electric sample valve,
column oven and C18 reversed-phase column) was used for
pesticide analysis using mobile phase of methanol: water
(85:15, v:v). HPLC conditions were set as follows; 20 µL sample
volume, 1 mL min-1 flow rate, 15 min retention time and 290
nm wavelength12.
Statistical analysis: Statistical analysis was done through
SPSS and Costat software.
RESULTS AND DISCUSSION
Eco-friendly solutions for pesticide contamination are the
need of an hour. Biodegradation by microbes is considered
one of the potential options for in situ restoration of contami-
nated sites. In situ restoration is effected by many factors like,
chemical nature of pesticide, pesticide toxicity, affinity with
soil, pH, nutrients availability, moisture and temperature17. Both
success and failure of pesticide biodegradation is reported.
For instance, pentachlorophenol was successfully degraded
up to 80 % by using Sphingobium chlorophenolicum with an
initial concentration of 100 mg kg-1. This strain was also very
potent when inoculated in soil18. Similarly, Niu et al.19 investi-
gated accelerated metabolism of 4-chloronitroben-zene in soils
inoculated with mono culture of Pseudomonas putida ZWL73,
while sterile soil does not showed enhanced degradation.
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Burkholderia sp. strain FDS-1 completely metabolizes 15 mg
kg-1 of fenitrothion in just 15 days. Whereas, up to 30 % meta-
bolization was observed in control20. The utility of bioaugmen-
tation in extreme environmental conditions is also proved. For
instance, 75 % of oil degradation in Antarctic soil was carried
out by psychrotolerant strains whereas, autochthonous commu-
nities were less efficient and degradaed only up to 35 %. These
psychrotolerant include Acinetobacter sp. and Acinetobacter
johnsonii21. Beside bacteria, fungi could also be the strong
candidate for bioremediation. 99 % fluorine was degradaed
by Absidia cylindrospora in 12 days, while same degradation
in in-inoculated soil was achieved in 24 days22. Complete
mineralization or biodegradation involves oxidation of parent
molecules and as a result water and carbon dioxide are produced.
This carbon and energy source is used for growth and reproduc-
tion by microbes. Being complex in nature, each step of
biodegradation is catalyzed by specific enzyme. Absence of
specific enzyme is one of the leading reasons of failure in
pesticide degradation. Bioaugmentation is the recommended
option if specific microbes are not available for biodegradation
or if their number is much low23,15.
Isolation and characterization of chlorpyrifos degra-
ding bacterium: In the present study, twenty four strains were
isolated from agricultural soil, capable of degrading chlor-
pyrifos. Ct3, Ct6 and Ct10 were more resistant among 24
isolates and showed good growth (Table-1). Other strains are
variably sensitive. For detailed investigation only Ct3 was used.
This isolated strain was able to use chlorpyrifos as carbon and
energy source. By using this carbon and energy these microbes
grow and increase their number23.
TABLE-1 
SCREENING OF ISOLATES 
Chlorpyrifos concentration (mg L–1) 
Isolates 
75 100 125 150 175 
Ct 3 +++ +++ +++ +++ +++ 
Ct 6 +++ +++ +++ ++ ++ 
Ct 8 ++ ++ + – – 
Ct 10 +++ +++ +++ ++ ++ 
Ct 11 ++ ++ + – – 
Ct 18 +++ ++ + – – 
+++ = Very good growth, ++ = Moderate growth, + = Poor growth,  
– = No growth 
 
Identification of strain Ct3: On nutrient agar plates Ct3
strain appeared as small and circular colonies. Colonies eleva-
tion is convex with entire margins. It exhibit Gram-positive
reaction with rod cell shape and are motile. Based on the charac-
teristics and protocol given in Bergey's Manual of Determi-
native Bacteriology13, Ct3 was identified as Bacillus cereus.
Effect of chlorpyrifos concentration: From the Fig. 1,
it can be stated that in the start the biodegradation is slow. Up
till 48 h only 10 % degradation was observed. But subsequent
to 48 h speedy biodegradation of chlorpyrifos was observed.
These results are highly significant as compared to the control
which shows minimal degradation. The early 48 h represent
the lag phase of bacterial growth in which microbes are not
much adaptive to the changed environment and secondly their
number is low. This low microbe number cannot lead to the
rapid degradation. Whereas, time after 48 h represent log phase
where the bacterial growth rate and degradation rate is maxi-
mum. From the results it can be concluded that the degradation
percentage is inversely proportional to the chlorpyrifos concen-
tration. More the concentration less is the degradation. Maxi-
mum degradation reported was 67, 80 and 88 % with initial
concentrations of 400, 300 and 200 mgL-1, respectively. High
concentrations do not have inhibitory effect every time, as
Struthers et al.11 achieved degradation of high concentration
of ethoprophos. Singh et al.9 was able to use maximum of 250
mg L-1 of chlorpyrifos for biodegradation. They reported longer
lag phases at higher chlorpyrifos concentration. According to
Karpouzas and Walker24, the possible explanation of these
longer lag phases is the need of bulky microbial number.
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Fig. 1. Effect of chlorpyrifos concentrations on its biodegradation
Effect of media pH: Change in pH leads to the change in
chemical nature of xenobiotic compounds and thus signi-
ficantly influence the biodegradation. B. cereus exhibited
chlorpyrifos degradation in both acidic and basic pH. Acidic
pH was more suitable for B. cereus and more degradation is
observed at acidic pH (Fig. 2). Somewhat similar trend with
the change in pH was reported by Singh6, rapid and more
degradation was observed by him at higher pH by Enterobacter sp.
on the contrary, pH 7.6-5.5 is more favorable to support rapid
degradation of ethoprophos (organophosphate) pesticide24. In
the study, maximum degradation was observed at higher pH.
This may be due to the optimum pH requirement of enzymes
involved in chlorpyrifos degradation. Present study validate
the use of B. cereus for eco-restoration projects which will
lead to the cleaner environment and economic growth.
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Fig. 2. Effect of pH on chlorpyrifos biodegradation
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Effect of carbon source: Presence and absence of carbon
source may lead to the change in biodegradation pattern by
microbes. In the presence of easily degradable carbon source,
microbe will not target pesticides thus leads to the failure of
bioremediation. In present study, 3 carbon sources were tested.
In presence of glucose, yeast extract and starch the maximum
degradation was up to 87, 78 and 70 %, respectively in 7 days
(Fig. 3). Results showed that the glucose is the most efficient
carbon source in enhancing degradation of chlorpyrifos. In 6
days, nearly 80 % chlorpyrifos was degraded. Singh et al.9
reported somewhat contradictory results, according to him
Enterobacter strain do not degrade chlorpyrifos at start (in
presence of glucose) but after 36 h the degradation process
starts again. These results validate the potential of B. cereus to
degrade chlorpyrifos in presence to nutrient rich medium.
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Fig. 3. Effect of different carbon sources on chlorpyrifos biodegradation
Effect of inoculum density on degradation of chlor-
pyrifos: For efficient and rapid degradation minimum number
of microbes is required. Number below it leads to slow
degradation and number above it leads to the death of microbes.
In present study different range of inoculum densities were
tested which ranged from 104 to 108 CFU mL-1. Fig. 4 showed
that the inoculum size has proportionate relation with
degradation percentage. Degradation at all the inoculum sizes
is significantly different from one another. With 108 CFU mL-1
90 % degradation was achieved in 4 days, having very short
lag phase. Alternatively, low inoculum size leads to 60 % (106
CFU mL-1) and 19 % (104 CFU mL-1) in 4 days. Generally,
before rapid degradation longer lag phases appeared. Chen
et al.25 suggested that this longer lag phase is the time required
by the microbe to increase their number for biodegradation.
Low microbial number cannot lead to rapid degradation.
Kinetic study of biodegradation: Apparently, enzyme
having high valve of Ks has low substrate affinity and subse-
quently it need high substrate concentration to attain Vmax. Ks
and Vmax are important in predicting the rate of formation of
product and whether or not substrate availability affect reaction
rate. Those enzymes which have low value of Ks are usually
saturated and work at relatively constant rate. Such enzymes
do not get affected with narrow ranges in substrate concen-
tration. On the other hand, enzymes having high Ks are not
physiologically saturated. As a consequence, changes in subs-
trate concentration affect enzyme activity and rate of reaction.
Vmax and Ks are calculated by measuring the enzyme activity
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Fig. 4. Effect of inoculum density on chlorpyrifos biodegradation
at different substrate concentration. The result will give hyper-
bolic curve, when substrate concentration [S] is plotted against
reaction rate [V]16. Biodegradation kinetics of Bacillus sp. and
Pseudomonas sp. was measured in the range of 100-500 mg
L-1 of chlorpyrifos. Fig. 5 represents the biodegradation kinetics
of chlorpyrifos by Bacillus sp. (R2 = 0.9983). The high value of
R2 represents the best fit of data into Michaelis-Menten equation.
Bacillus sp. is considered the best for biodegradation processes.
y = 0.0201x + 2.0632
R2 = 0.9983
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Fig. 5. Hanes plot, for calculating chlorpyrifos biodegradation kinetics
Conclusion
Biodegradation is gaining popularity as eco-friendly
approach for ecological restoration. One of the key steps for
successful bioremediation is to select microbial strain, which
have a potential to degrade specific pollutant. Those sites which
are under massive and continuous exposure of pesticide are
excellent source of microbes for bioremediation. Indigenous
microbes which can survive with other microflora and fauna
are better option than others. Abiotic factors also need to be
optimized for successful bioremediation. In conclusion, present
results validate the use of isolated chlorpyrifos degrading
bacteria for bioremediation of contaminated sites.
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Appendix II 
INTRODUCTION
Pesticides are in extensive use for the last 50 years. The
negative side of pesticides was highlighted after 2 decade of
their use and was connected to many health disorders, espe-
cially cancer, poisoning and deaths1. These pesticides ulti-
mately enter in soil and mostly adversely effects diversity of
soil microflora and microfauna. This finally maneuvers soil
fecundity, plant growth and cause a serious hazard to agricul-
tural sustainability2. Soil microbial diversity is regarded as one
of the most important indicator of ecosystem health. There-
fore, the impact of pesticides on soil microbial diversity has
raised considerable public concern3.
Chlorpyrifos [O,O-diethyl-O-(3,5,6-trichloro-2-pyridyl)
phosphorothioate] is a broad-spectrum organophosphate
insecticide and is commonly used on cotton, grain, nut, fruit
and vegetables, lawns and ornamental plants to control pests.
Because of its intensive use, a wide range of terrestrial eco-
systems may be contaminated with chlorpyrifos. There is a
need to evaluate its environmental behavior and effects. The
dissipation, adsorption, leaching, photolysis and biodegra-
dation of chlorpyrifos in soil ecosystems have been extensively
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investigated4. The half-life of chlorpyrifos in soil varies greatly
from less than 1 day to more than 100 days depending on the
soil type, soil microorganisms and climatic condition.
Chlorpyrifos effects microbial biomass, populations, respira-
tion, enzymatic actions, and carbon/nitrogen cycling. 10-50
mg kg-1 of chlorphyrifos may reduce microbial biomass5 up to
25-50 %. Nitrogen mineralization in the loamy sand and sandy
loam also significantly inhibit by chlorpyrifos application.
Shan et al.2 also indicated that soil bacterial, fungal and actino-
mycetes populations were inhibited by chlorpyrifos at a concen-
tration of 10 mg kg-1. However, little information is available
on the impact of chlorpyrifos on soil microbial diversity.
In Pakistan and other developing countries, pesticide
problem is also enhanced by the lack of disposal procedures
and use of expired agrochemicals. In totality, all these problems
contribute agrochemical residues in soil, drinking water,
ground/surface water, soft drinks and registered mineral
water. In Pakistan, due to lack of analysis and laboratory
facilities the data regarding pesticide contamination in drinking
water is inadequate6. In the present study, Klebsiella sp. was
used to investigate its potential role in eco-restoration and its
kinetics.
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EXPERIMENTAL
Analytical grade (Sigma-Aldrich, Merck, Oxides or BDH)
chemicals were used throughout the study. Chlorpyrifos (95 %)
was obtained from Pak China Chemicals, Lahore. Commercial
grade chlorpyrifos was purchased from local market. All the
growth media, glassware, culture loops and needles were
sterilized before experimentation.
Sampling: Soil samples were collected from cotton grow-
ing fields of Multan, Bahawalpur, Bhawalnagar and Rehim
Yar Khan regions. These soils are under extensive pesticide
spray over the years. Top soil up to 10 cm deep was collected
by the standard methods7. All the samples were collected in
sterile glass bottles. These glass bottles were transported in
ice box and were stored at 4 °C in order to limit any physico-
chemical change.
Enrichment, isolation and selection of microbial
strains: Bacterial strains capable of degrading chlorpyrifos
were isolated from soil samples in minimal salt medium
(MSM) at 6.8-7.0 pH in previous study8. For this research work
the same strain was used for soil experimentation.
Culture maintenance: Selected isolates were aseptically
picked up and transferred to nutrient agar slants. The slants
were then incubated at 37 °C for 48 h for maximum growth
and then stored at 4 °C. Sub culturing was carried out after
every 2 weeks
Inoculum preparation: A loop of bacteria was asepti-
cally transferred to 100 mL sterile nutrient broth in a 500 mL
flask. The flask was incubated for 24 h on a rotator shaker
(200 rpm) at 37 °C. This bacterial suspension was used to
prepare inoculum for further study. Required size of the
inoculums was attained by quantifying the cell number using
haemocyto-meter9.
Bioaugmentation experiment: Bioaugmentation experi-
mentation was conducted in order to investigate the biodegra-
dation potential of selected strain in soil. All the experimen-
tations were run in triplicate. To study the effect of pesticide
concentration on degradation of chlorpyrifos, measured concen-
tration of chlorpyrifos was mixed with 100 g sterile soil and
quantified inoculum in a glass beaker. Same setup without
inoculum was kept as control. After every 24 h, soil samples
were withdrawn and pesticide residues were extracted and
analyzed. Parameters investigated were pesticide concentration,
pH range, temperature ranges, carbon sources and inoculum
size.
Kinetics study: Michaelis-Menten model was used to
calculate biodegradation kinetic constants10. The general form
of Michaelis-Menten kinetic relation is:
S
max KS
SV–
dt
dS
+
= (1)
where; S = concentration of substrate, Vmax = maximum biode-
gradation rate and Ks = half saturation constant.
Extraction of chlorpyrifos: 20 g of soil sample was
mixed with 20 mL distilled H2O and 50 mL acetone in a flask
and transferred to rotator shaker for shaking up to 2 h at 150
rpm11. The mixture of soil, distilled water and acetone was
filtered under suction. 25 mL acetone was used for rewashing
of filter cake. Re-washing was done thrice. Filtrates form all
washing were collected in flask and it was left over laminar
air flow table for 2 h to evaporate acetone. The remaining
material was then transferred to separating funnel and equal
volume of supernatant and dichloromethane were mixed and
organic layer of dichloromethane was collected. Dichloro-
methane was evaporated under nitrogen at room temperature.
For the removal of any particle, 0.45 µm diameter flouroporeTM
filter membrane was used. Residues were filtered after dissol-
ving in acetonitrile11.
HPLC analysis: Varian HPLC (equipped with a ternary
gradient pump, UV detector, electric sample valve, column
oven and C18 reversed-phase column) was used for pesticide
analysis using mobile phase of methanol:water (85:15, v/v).
HPLC conditions were set as follows; 20 µL sample volume,
1 mL min-1 flow rate, 15 min retention time and 290 nm wave-
length12.
RESULTS AND DISCUSSION
Toxic chemicals of organic and inorganic nature are the
serious threat to human health. Prevention, removal and conver-
sion (to non-toxic states) of these toxic materials are challen-
ging. Numbers of physio-chemical techniques are available
but they are much expensive, target non-specifically and may
initiate secondary contamination. For that reason, eco-friendly
abetment techniques are the need of an hour13. Bioremediation
is considered as less expensive, less laborious, eco-friendly
and efficient. For this bioremediation is gaining popularity
for environmental cleanup applications. The present study also
deals with the enhanced bioremediation of chlorpyrifos in soil.
One of the most important factors in enhanced bioremediation
is the presence of resistant microbial agent, which may bear
the high level of toxicity14.
Microbial biodegradation of pesticide: Klebsiella sp.
is a versatile genus and can successful degrade pyrene,
propionitrile, azo dyes, organophosphate pesticide and present
study also supported their immense biodegradation diversity8.
Triumphant bioremediation is dependent on use of potent
microbe. For bioremediation, microbes must be resistant
against high concentration of pollutant and its intermediate
metabolites. The present study investigated the biodegra-
dation potential of isolated Klebsiella sp. and found it effective.
Number of isolates has been reported by many researchers,
which were able to degrade chlorphyrifos and other pesticides.
This include Aspergillus sp. Trichoderma, Pseudomonas,
Agrobacterium, Pseudomonas putida, Bacillus pumilus, Kleb-
siella sp., Serratia marcescens, Pseudomonas fluorescence,
Enterobacter sp., Aeromonas sp. and Chlorella vulgaris. The
abilities of these microbes to degrade chlorphyrifos in natural
conditions are still unconfirmed15. Those microbes which can-
not compete with soil microflora are not considered potential
candidate for in situ bioremediation16.
Impact of chlorphyrifos concentration: Fig. 1 depicts
the rate of degradation by Klebsiella sp. at different concen-
trations and exhibited tolerance up to 70 g Kg-1 of chlor-
phyrifos. The maximum chlorphyrifos biodegradation was
observed with low concentration. This shows that the
chlorphyrifos concentration has inverse relationship with rate
of biodegradation. At high concentration longer lag phase was
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Fig. 1. Degradation of chlorpyrifos at different initial concentrations
observed, which last for 12-16 days. At 70 g Kg-1 and 50 g
Kg-1 only 8 and 9 % degradation was observed during lag
phases, respectively. This lag phase represents the time duration
by which microbes adapt themselves according to the new
environment and maintain their sufficient number which is
required for rapid biodegradation. The stationary phase started
by the 28th day, which represents the maximum degradation.
The maximum degradation at 70 g Kg-1 was 39 %. This wide
tolerance range against chlorphyrifos concentration is very
useful for ecological restoration programs. Hua et al.17 conduc-
ted chlorphyrifos degradation in soil with the initial concen-
tration of 4, 8 and 12 g Kg-1 and reported biodegradation up to
83 %, 81.6 % and 79.5 %, respectively in 35 days. Shan et al.2
reported sharp inhibitory effect at 10 g Kg-1. Singh et al.16
concluded that Entrobactor sp. can survive the initial concen-
tration of 35 g Kg-1. Similarly, Bacillus pumilus C2A1 have
ability to withstand 25-50 g Kg-1 of chlorphyrifos in soil. This
strain exhibits 97 % degradation in 45 days and its presence
also decreases the translocation of chlorphyrifos in plant (rye
grass) tissues especially shoot and root18.
Impact of temperature: Fig. 2 represents the chlorphyrifos
degradation pattern by Klebsiella sp. at different temperatures.
All the temperature ranges differ significantly from one
another. The optimum growth and degradation temperature
was 35 °C, bearing maximum degradation up to 55 %. On the
other side minimum degradation was at 40 °C, which was up
to 39 %. At 35 °C Klebsiella sp. shows shorter lag phase and
slow degradation rate till 12th days, after which the rapid
increase was observed. The difference between maximum and
minimum degradation at 35 °C and 40 °C was 41 %, which
emphasize the significance of temperature in biodegradation
process. The results also highlight the temperature tolerance
range of Klebsiella sp. This wide temperature tolerance range
is extremely useful for field application. So microbes having
wide temperature tolerance range, are more useful as compared
to the microbes with narrow temperature range. Sarkar et al.3
was able to isolate Pseudomonas sp. from tea rhizosphere,
which showed 69 % degradation of propargite (insecticide) at
30-35 °C. Similarly Enterobacter sp. show optimum tempe-
rature of 35 °C. Degradation ability of Enterobacter sp. did
not effected significantly within the range of 25-40 °C, but
further decrease (below 15 °C) or increase (above 50 °C) in
temperature drastically reduced the biodegradation16. The
temperature 37 °C has been recommended as optimum tempe-
rature for Agrobacterium, Bacillus cereus and Pseudomonas
aeruginosa10. Similarly, biodegradation study by Anwar et al.19
reported 90 % chlorphyrifos degradation (300 g L-1) by Bacillus
sp. at 37 °C. Abboud et al.20 reported 90 % degradation of
alkylbenzo-sulfonate and sodium dodecyl sulfate by Acineto-
bactor calcoaceticus and Pantoea agglomerans at 30 °C.
Verticillium sp. (a fungal strain) capable of degrading
chlorphyrifos, showed maximum efficiency at 35 °C, which
was 1.12 times faster than 20 °C. Experimentation revealed
that Bacillus cereus worked maximum at 30 °C and showed
78 % degradation21.
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Fig. 2. Degradation of chlorpyrifos at different temperature range
Impact of pH: Degradation of chlorphyrifos at all pH
ranges is non-significant in the start of experimentation (4th
day), but it increased with time (Fig. 3). Maximum degradation
in 32 days at 8.5, 8, 7.5 and 7 pH was 67, 73, 60 and 55 %,
respectively. Degradation reaches at almost stationary phase
at 28th day. Optimum pH for Klebsiella sp. was 8, increase or
decrease from this pH negatively effects the chlorphyrifos degra-
dation. Klebsiella sp. significantly degraded chlorphyrifos at
all pH and almost same pattern was shown. These results
conclude that the change in pH affects the degradation rate
and percentage, but it will continue to proceed and do not
stops with the slight disturbance in the environment. Results
of the other studies also conform this trend20. This wide pH
range sounds very significant. As the environmental conditions
keeps on changing and hence microbes with wide tolerance
range have better chance of survival. Singh22 reported rapid
chlorpyrifos degradation by an Enterobacter sp. at higher pH,
while it was significantly slow at low pH. Conversely,
Pseudomonas putida quickly degraded ethoprophos (organo-
phosphate pesticide) from pH 7.6 to 5.5. Bacillus cereus
demonstrated optimum pH of 7, but pH 6 and 8 also show
significant similar result compared to pH 7. However pH
greater than 8 and less than 6 significantly inhibit chlorphyrifos
degradation21. Beside bacteria, fungal strains can also be used
for biodegradation of chlorphyrifos and ecological restoration.
Fang et al.12 isolated Verticillium sp. from contaminated soils.
This fungal strain was more efficient at pH 7. At pH 5 and 9 it
exhibited 1.12 and 1.04 times slower degradation rate.
Impact of carbon source: To investigate the potential
role of soil amendments in biodegradation process, 3 organic
9996  Farhan et al. Asian J. Chem.
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Fig. 3. Degradation of chlorpyrifos at different pH
materials were tested, i.e. farmyard manure, green compost
and rice husk. From the results (Fig. 4) it can be stated that the
organic amendments can increase the ability of Klebsiella sp.
towards biodegradation of chlorphyrifos. In presence of farm-
yard manure, rapid or enhanced biodegradation started from
the start of the experiment and attain stationary phase at day
28. It exhibited maximum degradation of 96.7 % in 32 days.
Whereas, in presence of green compost first 8 days showed
slow degradation and then afterward rapid degradation started.
In presence of green compost maximum degradation of 85 %
was achieved. Rice husk showed least enhancing effect, it
reached to the stationary phase at almost 24th day. Beyond 24th
day, degradation rate was not much prominent. In compassion
to no organic amendment, addition of farmyard manure, green
compost and rice husk, enhanced biodegradation of chlorphyrifos
up to 32, 16.4 and 7%, respectively. Organic amendments
improve soil fertility by stimulating the soil micro flora. There-
fore, many studies has reported the usefulness of different
organic amendments like, farmyard manure, public green com-
post, urban solid waste, coconut husk, rice husk, poultry liter,
sheep manure, nut shells, mushroom spent and cow manure23.
These organic wastes contain humic acid and fulvic acid, which
alter the bioavailability of chlorphyrifos to microbes. It was
suggested that those organic amendments which contain high
humic acid favors rapid chlorphyrifos degradation. However,
fulvic acid play minimum role in bioremediation of
chlorphyrifos in contaminated soils. Investigation in changes
of microbial community size and composition with addition
of nitrogen and green manure revealed that green manure
increase microbial biomass24. It is assumed that individual
production practices exert bad effects on microbial biomass
and total carbon in soils. Labile carbon in soil can be trans-
formed into stable pools by reducing tillage and increasing
organic carbon contribution25. Pesticide transport in the
presence of organic amendments is still unclear. On one hand,
high organic content favors the retention of pesticides in soil.
On the other hand, high dissolve organic matter may assist
their mobility and transport. However, many authors are still
unable to develop strong relationship between pesticide trans-
portation and amount of organic matter. This uncertainty may
be because of the wide structural variation of organic material
used26.
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Fig. 5. Degradation of chlorpyrifos at different inoculum size
Impact of inoculum density: Fig. 5 shows the effect of
inoculum density on chlorphyrifos degradation by Klebsiella
sp. All the inoculum treatments show almost the same pattern
of biodegradation. Lag phases were not observed in any treat-
ment. However, slight slow rate was shown by Klebsiella sp.
at 104 (CFU g-1). At 108 and 107 (CFU g-1) the degradation rate
was very steep and within 12 days degradation reached up to
84.7 and 70 %, respectively. Addition of high inoculum
reduced the total time duration. With 105 (CFU g-1) 96.7 %
degradation was achieved in 32 days, where as inoculum size
of 108 (CFU g-1) attained 100 % degradation in 20 days. Simi-
larly, 107 (CFU g-1) maintain 100 % degradation in 24 days.
These results indicated that Klebsiella has the potential of rapid
degradation, which can be attained by adjusting different
environmental conditions. Maximum degradation in 24 days
with 104, 105, 106, 107, 108 (CFU g-1) was 72.7, 84.7, 94.2, 100
and 100 %, respectively. Size of the inoculum plays very prom-
ising role towards biodegradation in soil. Liang et al.27 reported
Diaphorobacter sp. GS-1, capable of degrading chlorpyrifos,
triazophos and 1-phenyl-3-hydroxy-1,2,4-triazole up to 100
%, 95 % and 100 %, respectively, at inoculum density of 107
CFU g-1 in 21 days. Strain B-14 successfully degraded 100 %
with inoculum size of 106 cells g-1. However this strain was not
successful in degrading TCP. Strain Dsp-2 showed 98 % degra-
dation in 30 days with 100 g Kg-1 (initial concentration)13. Simi-
larly, in lab scale soil experimentation of 30 days, Cupriavidus
sp. DT-1. degraded 100 % chlorphyrifos and 94.3 % of TCP
with 106 cells g-1 (initial inoculum)28.
Vol. 25, No. 17 (2013) Chlorpyrifos Biodegradation in Laboratory Soil Through Bio-Augmentation and Its Kinetics  9997
Kinetics study: Chemical reaction catalyzed by enzymes
show hyperbolic curve between substrate concentration and
reaction rate. When the substrate concentration is low the
enzymes active sites are vacant and thus has the ability to
accommodate more substrate. For this reason, at low substrate
concentration the rate of reaction increases with the increase
in substrate concentration. "Vmax" is the maximum reaction
rate at enzyme saturation point. Correlation among reaction
rate and substrate concentration is dependent on the enzyme
affinity for substrate. This correlation is expressed as "Km
(Michaelis constant)", an inverse of the affinity. For calculation
and practical purposes, "Ks" is used instead of "Km"10. Ks is
the concentration of substrate which permits the enzyme to
achieve half Vmax. Apparently, enzyme having high value of
Ks has low substrate affinity and subsequently it need high
substrate concentration to attain Vmax29. Ks and Vmax are impor-
tant in predicting the rate of formation of product and whether
or not substrate availability affect reaction rate. Those enzymes
which have low value of Ks are usually saturated and work at
relatively constant rate. Such enzymes do not get affected with
narrow ranges in substrate concentration. On the other hand,
enzymes having high Ks are not physiologically saturated. As
a consequence, changes in substrate concentration affect
enzyme activity and rate of reaction. Vmax and Ks are calculated
by measuring the enzyme activity at different substrate concen-
tration. The result will give hyperbolic curve, when substrate
concentration [S] is plotted against reaction rate [V]30.
The data of biodegradation kinetics in soil is represented
in Table-1. The straightness of the Hanes plot is represented
by the R2 (0.9948). The ratio of Vmax/Ks is considered more
useful tool in predicting the efficiency of the isolate toward
biodegradation. The range of this ratio was 0.0481. Maya
et al.10 reported Km and Vmax for chlorphyrifos and TCP for
Bacillus, Pseudomonas and Agrobacterium. The range of Km
for chlorphyrifos was from 97-142.3 mg L-1 and 103.09-148.8
mg L-1 for TCP. The Vmax varied from 7.4-12.1 mg L-1 and
14.9-21.2 mg L-1 for chlorphyrifos and TCP, respectively. Fang
et al.12 calculated reaction rate (Vmax) as 12.171 and R2 as
0.9870 for Verticillium sp.
TABLE-1 
KINETIC DATA OF CHLORPYRIFOS 
BIODEGRADATION IN SOIL 
Isolate Vmax (mg L-1 D-1) Ks (mg L-1) Vmax / Ks R2 
Klebsiella sp. 8.4746 176.1473 0.0481 0.9948 
 
Conclusion
Excessive use of pesticides is creating 2 main problems.
At first they are damaging the soil microbial composition and
secondly reducing the soil fertility. Bioremediation is earning
popularity as the pesticide pollution is increasing at an alarming
rate in the agricultural sector, posing serious threats to humans
and the pristine ecosystems. The present study was thus inno-
vative and highly successful as it provided the eco-friendly
solution using indigenous bacteria against chlorphyrifos
pollution. This strain can be used for soil and ecological
restoration and habitat improvement.
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ABSTRACT: Pesticides are one of the major disturbing factors in ecosystems, so their 
removal/degradation is the need of time. In the present research, 56 microbial strains were isolated 
from cotton growing areas of Punjab. Strain Ct27 (Klebsiella sp.) was most resistant/effective in 
chlorpyrifos degradation. Biodegradation potential of Klebsiella sp. was studied under different 
conditions like; concentration, carbon sources, pH and inoculum densities. Klebsiella sp. showed 90% 
chlorpyrifos biodegradation (200mgL
-1
) at pH8 and 10
5
CFU/mL with addition of glucose in 18 days. 
Presence of other nutrients enhanced chlorpyrifos degradation probably due to high growth on easily 
metabolizable compounds which in turn favors biodegradation. This strain can be used for 
bioremediation and ecological restoration of sites, contaminated with chlorpyrifos. 
Key words: Biodegradation, bioremediation, organochlorines, chlorpyrifos, Klebsiella. 
 
INTRODUCTION 
 Chlorpyrifos (CP) is “moderately hazardous” 
pesticide, with annual consumption of 1280 MT (40 
million US$) all over the world and is ranked 9
th
 in term 
of use. It is commonly used on vegetables, cereals and 
cotton for pest control. For domestic purposes it is used 
against flies, mosquitoes and other house hold pests (Li et 
al., 2010). Harmful effects of chlorpyrifos include 
twitching of muscles, skin irritation, depression, 
respiratory failures, convulsion, subtle neurological 
effects and death (Ahmad et al., 2012). Chlorpyrifos may 
persists in environment up to one year, have low water 
solubility (2mgL
-1
) and soluble in organic solvents. It 
accumulates in aquatic plants, blue-green algae, mosquito 
fish and goldfish. Only limited information is available 
on the fate of chlorpyrifos in the soil–crop system (Tariq 
et al., 2007). Chlorpyrifos degrades into number of toxic 
products which have bioaccumulation tendency (Fang et 
al., 2008). 3,5,6-trichloro-2-pyridinol (TCP) is the main 
metabolite of chlorpyrifos having antimicrobial 
properties (Thengodkar and Sivakami, 2010). 
 Biodegradation of organic wastes to an 
innocuous state or levels is the need of an hour. 
Bioremediation involving microbes has received much 
attention (Liu et al., 2012). Microbes that are present in 
pesticide contaminated sites for long duration, develops 
the ability to degrade it. Such microbes with 
advanced/new traits can be used for pesticide 
degradation. Several unsuccessful efforts were made, to 
isolate a chlorpyrifos degrading microbial system 
(Thengodkar and Sivakami, 2010). One of the reason 
behind such failure is that the chlorpyrifos 
metabolize/degrade into 3,5,6-trichloro-2-pyridinol 
(TCP) which has antimicrobial effects. Therefore, interest 
has been shifted to use indigenous microorganisms for 
biodegradation (Mukherjee et al., 2004). Successful 
biodegradation by number of isolated have been reported 
(Lu et al., 2013; Farhan et al., 2012; Liu et al., 2012; 
Ahmad et al., 2012; Li et al., 2010; Thengodkar and 
Sivakami, 2010; Singh et al., 2009; Fang et al., 2008; 
Ghanem et al., 2007; Singh et al., 2004).   
 The aims of the present research are to isolate 
resistant bacteria from agricultural soils that are under 
extensive chlorpyrifos spray and investigate the potential 
of these bacteria against Chlorpyrifos biodegradation. 
Also explore the major factors that may enhance 
chlorpyrifos biodegradation.  
MATERIALS AND METHODS 
Chemicals and soil sampling: Throughout the 
experiment only analytical grade chemicals were used. 
Chlorpyrifos (95%) was obtained from Pak China 
Chemicals, Lahore. Soil samples were collected by 
standard methods (Tariq et al., 2007), from cotton 
growing fields (extensively under the spray of 
chlorpyrifos) of Multan, Muzaffarghar, Rajanpur, 
Faisalabad, Bhawalpur, D.G. Khan.  
Enrichment, isolation and selection of microbial 
strain: Chlorpyrifos resistant microbial strain were 
isolated from collected samples using minimal salt 
medium (MSM) at pH 7. The medium contained: 200mg 
MgSO4, 900mg K2HPO4, 200mg KCl, 2mg FeSO4, 2mg 
MnSO4, 2mg ZnSO4 and 1000mg NH4NO3/L. About 25g 
of soil sample, 25mlL
-1
 chlorpyrifos and 200mL sterile 
MSM were added in 500ml flask and shaked at 100rpm. 
One week later 10ml of the culture was transferred to 
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fresh MSM containing more pesticide as was used 
previous week. After every week 10ml culture was 
transferred to fresh MSM and pesticide concentration of 
175mlL
-1 
chlorpyrifos was achieved, successively. From 
the last sub-culture, pure cultures were established by 
serial dilution and streak plate method (Ortiz-Hernandez 
& Sanchez-Salinas, 2010). Strain exhibiting maximum 
growth and CP resistance was selected for further studies. 
Taxonomic identification and inoculum preparation: 
Isolated strains were identified using Bergey’s Manual of 
Determinative Bacteriology, on the basis of 
physiological, morphological and biochemical properties 
(Holt et al., 1994). Required cell density of cell 
suspension was adjusted through serial dilution methods 
and haemocytometer slide-bridge (Butt et al., 2011)  
Experimental setup for Biodegradation of 
chlorpyrifos: To study the potential of isolated strain for 
chlorpyrifos biodegradation, shake flask studies were 
conducted. 25mL of sterile MSM, inoculum (10
5
 
CFU/mL) and known concentration of chlorpyrifos was 
mixed, shaked (100rpm) and incubated (37
o
C). In a 
control flask, 25mL MSM (sterile) and known 
concentration of pesticide was added, control was not 
inoculated. All the experiments were conducted in 
triplicate. After regular interval, samples from these 
flasks were drawn aseptically and were analyzed for 
remaining pesticides concentration (Fang et al., 2008).  
Extraction and HPLC analysis of chlorpyrifos: For 
HPLC analysis the extracted samples were centrifuged (at 
7200rpm) for about 10min and supernatant was mixed 
with equal volume of dichloromethane (DCM). Organic 
layer was collected and DCM was evaporated (under 
nitrogen) at room temperature. Residues were filtered 
(0.45 μm diameter) after dissolving in acetonitrile. Varian 
HPLC, equipped with a ternary gradient pump, UV 
detector, electric sample valve, column oven and C18 
reversed-phase column was used for pesticide analysis 
using mobile phase of methanol: water (85:15, v:v). 
HPLC conditions were set as follows, sample volume: 
20µL, flow rate: 1mLmin
-1
, retention time: 15min and 
wavelength: 290nm (Ortiz-Hernandez & Sanchez-
Salinas, 2010). 
Effect of different conditions on chlorpyrifos 
degradation: Pesticide concentration of 75-125mgL
-1
 
was investigated to study the effect of concentration on 
biodegradation process. Experiments were setup as 
described in previous section with varying chlorpyrifos 
concentration and keeping all other factors constant. To 
investigate the optimum temperature range, the 
experimental setups were incubated at different 
temperatures. pH range of 6-8.5 was tested in order to  
optimize chlorpyrifos degradation. Different carbon 
sources tested for enhancement of chlorpyrifos 
degradation were glucose, yeast extract and starch. All 
the C-sources were added in experimental setup to the 
final concentration of 5gmL
-1
. Inoculum ranges of 10
4
-
10
8
 CFUmL
-1 
were tested by using different inoculum and 
keeping all other factors constant.  
Statistical analysis: Data was analyzed using Costat and 
SPSS software. 
RESULTS AND DISCUSSION 
 Indigenous bacteria are considered the best 
option for bioremediation of bound and aged pesticide, as 
they provide eco-friendly solution and do not pose any 
threat to native flora and fauna (Thengodkar and 
Sivakami, 2010). Soil decontamination/restoration by 
using isolated microbe has been successful carried out by 
many researchers (Liu et al., 2012; Ahmad et al., 2012; 
Li et al., 2010; Thengodkar and Sivakami, 2010; Singh et 
al., 2009; Fang et al., 2008). Lu et al., (2013) isolated 
Cupriavidus sp. DT-1 form Chinese contaminated soils, 
which were under cultivation. The study reported 100% 
degradation of CP and 94% degradation of TCP. As 
compared to the control experiment Cupriavidus sp. DT-
1 showed significantly high degradation. The detailed 
pathway reveled that CP is first broken down into TCP 
and then de-chlorinated into 2-pyridinol. Pyridine ring 
were then subjected to cleavage and thus complete 
mineralization results. Tortella et al., (2012) achieved 
50% biodegradation of CP with initial concentration of 
480mgKg
-1
, by using biobeds or biomixtures (mixture of 
peat: soil: straw in proportion of 25:25:50 by weight). 
The main purpose of the biobed was to retain and degrade 
pesticide. The retention of pesticide in biobed depends on 
the sorption capacity and degradation depends on the 
biological activity. The results concluded that higher 
maturity leads to the more degradation. Ahmad et al., 
(2012) investigated the combined use of plants and 
microbes for CP biodegradation. The plant and microbes 
used were rye grass and Bacillus cereus. In soil 
experimentation the combination of plant and microbes 
degraded 97% of CP within 45days. This study highlights 
the facts that exogenous microbes can be used 
successfully for the bioremediation process. Farhan et al., 
(2012) isolated Pseudomonas sp. from industrial drain. 
This strain showed good degradation efficiency as 
compared to the control. Complete biodegradation yield 
carbon source and energy by the process of oxidation. 
This carbon and energy is used for the growth of 
microbes. Potential microbes from other sites can be 
introduced into the environment where local or 
indigenous microbes are not available (Kadian et al., 
2012).  
Isolation and identification of chlorpyrifos degrading 
bacteria: In the present study 56 isolates were screened, 
only few were resistant at higher concentration of CP 
(175mgL
-1
). Ct27 showed very good growth and is 
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selected for in-depth study of chlorpyrifos degradation. 
Other isolates were sensitive to increasing concentration 
of chlorpyrifos. Ct27 was identified as Klebsiella sp. by 
standard protocol set in Bergey’s Manual of 
Determinative Bacteriology (Holt et al., 1994). To our 
understanding, this is the enhanced biodegradation of 
chlorpyrifos by Klebsiella sp. Klebsiella is a versatile 
genus and previous reports suggested that this genus 
could degrade a number of pollutants, including pyrene 
(Zhang and Zhu, 2012), propionitrile (solvent, 
organonitriles group) (Chen et al., 2010), azo dyes 
(Franciscon et al., 2009), organophosphate pesticide 
(Ghanem et al., 2007) and present study also supported 
their immense biodegradation diversity. 
Effect of chlorpyrifos concentration: Among the vital 
factors that significantly effects CP degradation is the 
concentration of active material. Very high concentration 
usually leads to the failure of biodegradation as microbes 
are not resistant against that. On the other hand very low 
pesticide concentration, leads to strong affinity with soil 
particles thus make it non-available to microbes. The 
maximum degradation of 90% was achieved in 18days of 
incubation at 200mgL
-1
 (Fig. 1). Klebsiella is best 
adaptive at low concentration, the chlorpyrifos 
degradation decreases with the increase in concentration. 
The growth of Klebsiella sp. also decreases with increase 
in chlorpyrifos concentration. These results are in 
correspondence with those of Singh et al. (2004), who 
reported maximum biodegradation of chlorpyrifos at 
250mgL
-1. 
As the concentrations of pesticide increases 
longer lag phases were observed. Karpouzas and Walker 
(2000) suggested that these longer lag phases might 
because of the requirement of larger microbial number 
and acclimation period to begin enhanced biodegradation. 
To our best knowledge this Klebsiella sp. has enhanced 
abilities for chlorpyrifos degradation. 
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Fig. 1. Biodegradation response of Klebsiella 
sp. at different CP concentration. 
Effect of media temperature: CP degradation pattern of 
Klebsiella at different temperature is given in Figure 2, 
which narrates that Klebsiella prefer 35
o
C, as maximum 
degradation was observed at this temperature. 
Degradation rate at all the temperature ranges differ 
significantly. At 40
o
C longer lag phase was revealed up 
to 12 days, after that degradation rate increased. 
Degradation at 35
o
C was 61% more as compared to 
degradation at 40
o
C. This signifies the importance of 
temperature in biodegradation (Ahmad et al., 2012) 
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Fig. 2. Biodegradation response of Klebsiella sp. at 
different temperature. 
 
Effect of media pH: One of the important abiotic factors 
that affect the microbial ability towards biodegradation is 
pH. Klebsiella exhibits degradation at most of the pH 
ranges (alkaline to acidic) but with varying degree (Fig. 
3). Maximum degradation was observed at pH 8. Singh et 
al. (2004) reported rapid chlorpyrifos degradation by an 
Enterobacter sp at higher pH, while it was significantly 
slow at low pH. Conversely, Karpouzas and Walker 
(2000) reported Pseudomonas putida (epI and epII) 
which quickly degraded   organophosphate pesticide 
(ethoprophos) from pH 7.6 to 5.5. In the present study, 
higher pH shows maximum degradation. Possibly, 
chlorpyrifos degrading enzymes have optimum activity at 
high pH (Swetha and Phale, 2005). 
Effect of carbon source: Micro and macro nutrients play 
very promising role in microbial growth and degradation 
process. These nutrients may boost or retard the growth 
of microbe being toxic. Without any additional carbon 
source, Klebsiella sp. degraded 75% of chlorpyrifos in 18 
days (Fig. 4). However with the addition of nutrients like 
glucose the degradation increased up to 90%. Yeast 
extract also positively influenced the degradation and 
increased the process up to 82% (Fig. 4). The results of 
Singh et al. (2004) are contradictory with present study, 
who reported Enterobacter strain which stops CP 
degradation with the addition of glucose, and after 1.5 
days the degradation process started again. On the other 
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hand, in present study Klebsiella sp. not only carry on 
chlorpyrifos degradation, but also boost the process. The 
elevated biodegradation rate with addition of glucose is a 
sign that glucose has a critical role in initial growth of 
Klebsiella sp. (Swetha and Phale, 2005). This boosts in 
biodegradation is perhaps due to co-metabolism, where 
addition of easily metabolizable organic matter is used as 
primary source of energy and carbon. Earlier findings 
suggested the use of glucose as co-substrate and the 
process of co-metabolism is widely accepted in 
biodegradation management (Sarkar et al., 2010). 
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Fig. 3. Biodegradation response of Klebsiella sp. at 
different pH. 
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Effect of inoculum density on degradation of 
chlorpyrifos: Initial inoculum densities of 10
4–108 
CFU/mL
 
were tested and it was found that the inoculum 
density has a direct relationship with chlorpyrifos 
degradation (Fig. 5). With the highest inoculum density 
of 10
8 
CFU/mL, chlorpyrifos degraded up to 99% within 
18days of incubation with apparently no lag phase. 
Whereas, low inoculum density (10
4 
CFU/mL) shows 
longer lag phase and degraded maximum of 81%. In 
general, longer lag phases were observed prior to speedy 
degradation. At the start of biodegradation process the 
number of active bacterial population used to be small, 
longer lag phase represents the time required to maintain 
the certain significant number of bacterial population. 
Before that significant number of active bacterial 
population biodegradation cannot proceeds (Ahmad et 
al., 2009). This significant number depends on resistant 
level of microbial strain and also on the chemical nature 
of material to be degraded (Fang et al., 2008). 
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Fig. 5. Biodegradation response of Klebsiella sp. at 
different inoculum size. 
 
Conclusions: Bioremediation is gaining popularity for 
ecological restoration. Bioremediation depends of the 
selection of appropriate/competent microbial strains. The 
most successful elimination of contaminants may be 
achieved using inoculants isolated from contaminated 
environments (where contamination had occurred over 
years). These indigenous microbe give duel benefit, first 
they detoxify the contaminant and secondly do not pose 
any serious threat to other native microbes. Many biotic 
and abiotic factors significantly influence the process of 
biodegradation. In conclusion, present results validate the 
potential of Klebsiella sp. for chlorpyrifos degradation. 
This strain can be used for bioremediation of 
contaminated sites.  
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Abstract: Excessive use of pesticides are disturbing major components of ecosystems. Therefore their
removal using biodegradation technique is the need of time. In present study, 35 microbial strains were
isolated from industrial drain which carries effluents from chlorpyrifos manufacturing plant. These strains
significantly differ in their ability against chlorpyrifos resistance and degradation. Out of these strains WW5
was found most resistant and effective in chlorpyrifos degradation. On the basis of morphological,
biochemical and physiological characteristics, strain WW5 was identified as Pseudomonas sp.
Biodegradation potential of WW5 strain was studied under different culture conditions like concentration of
chlorpyrifos, carbon sources, pH and inoculum densities. In the presence of glucose chlorpyrifos was co-
metabolized. High pH (8) and high inoculum density (10  CFU/mL) show most efficient results in8
biodegradation. Presence of other nutrients enhanced chlorpyrifos degradation probably due to high growth
on easily metabolizable compounds which in turn favors biodegradation. The strain WW5 showed 94%
degradation of chlorpyrifos (400 mg/L) within 18 days of incubation. This strain can be used for
bioremediation and ecological restoration of sites, contaminated with chlorpyrifos.
Key words: Biodegradation, bioremediation, organochlorines, chlorpyrifos, Pseudomonas 
INTRODUCTION
Pesticides were developed to meet the world’s food
demand but with excessive use they are becoming
necessary evil. Pesticides are now disturbing major
components of ecosystems being persistent in
environment (Gavrilescu, 2005). Organochlorines
pesticides have been replace by Organophosphorus
Pesticides (OP). Organochlorines are toxic for non-target
organisms and remain in environment for longer
duration (Tariq et al., 2007), whereas organophosphates
are neurotoxic and suppress acetylcholine esterase
(AChE). It regulates nerve impulse transmission by
lowering the acetylcholine concentration. OP causes
inactivation of AChE, boosts acetylcholine, continuously
stimulates nerve fibers and eventually leads to tetany
and exhaustion (Singh et al., 2009).
Chlorpyrifos [CP; O,O-diethyl O-(3,5,6-trichloro-2-pyridyl)
phosphorothioate); C9H11Cl3NO3PS] is an organo-
phosphate pesticides, broadly used on vegetables,
cereals and cotton for controlling pests. For domestic
purposes it is used against flies, mosquitoes and other
house hold pests (Li et al., 2010). Harmful effects of
chlorpyrifos include twitching of muscles, skin irritation,
depression, respiratory failures, convulsion, subtle
neurological effects and death (Anwar et al., 2009).
Chlorpyrifos may persists in environment up to one year
(half-life of 60-120 days), have low water solubility (2
mg/L) and soluble in organic solvents. It bioaccumulates
in aquatic plants, blue-green algae, mosquito fish and
goldfish. Only limited information is available on the fate
of chlorpyrifos in the soilBcrop system (Tariq et al.,
2007). Chlorpyrifos degrades into number of toxic
products which have bioaccumulation tendency (Fang et
al., 2008). 3,5,6-trichloro-2-pyridinol (TCP) is the main
metabolite of chlorpyrifos having antimic, robial
properties. United States Environmental Protection
Agency classified TCP as toxic, antimicrobial, more
mobile than chlorpyrifos, greater water solubility, wide
spread in environment and persistent having half-life of
65-360 days (Thengodkar and Sivakami, 2010). 
Bioremediation is defined as the process whereby
organic wastes are biologically degraded under
controlled conditions to an innocuous state or to levels
below concentration limits, established by regulatory
authorities. Out of number of bioremediation techniques,
one that involves microbes has received much attention
for the cleaning of contaminated environment (Struthers
et al., 1998). Microbes that are present in contaminated
sites for a longer period of time develop the ability to
degrade/tolerate such contaminant. Similarly, microbes
which are present in agricultural soils or wastewater
streams experience repeated exposures of pesticides.
Such microbes with advanced/new traits can be used for
pesticide degradation. Several unsuccessful efforts
were made, to isolate a chlorpyrifos degrading microbial
system (Thengodkar  and  Sivakami,  2010).  One  of  the
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reason behind such failure is that the chlorpyrifos (MSM) at pH 7. The medium contained: 200mg MgSO4,
metabolize/degrade into 3,5,6-trichloro-2-pyridinol (TCP) 900mg K2HPO4, 200mg KCl, 2mg FeSO4, 2mg MnSO4,
and has antimicrobial effects. Therefore, interest has 2mg ZnSO4 and 1000mg NH4NO3/L. About 25g of soil
been shifted to use indigenous microorganisms for sample, 25ml/L chlorpyrifos and 200mL sterile MSM
biodegradation and removal of toxicants (Mukherjee et were added in 250ml flask and shaked at 100rpm. 1
al., 2004). week later 20ml of the culture was transferred to fresh
Earlier studies reported number of microorganisms MSM containing more concentration of pesticide as used
having variable potential for chlorpyrifos biodegradation previous week. For the maintenance of moisture sterile
like; Aspergillus sp. Y, Trichoderma (Liu et al., 2003), distilled water was used. After every week 10ml culture
Fusarium (Wang et al., 2005), Ralstonia sp. ( Li et al., was transferred to fresh MSM and pesticide
2010), Pseudomonas ATCC700113 (Feng et al., 1997), concentration of 150ml/L chlorpyrifos was achieved. 
Bacillus pumilus C2A1 (Anwar et al., 2009), 10-fold serial dilutions were prepared from the last sub-
Pseudomonas aeruginosa, Bacillus cereus, Klebsiella culture and 120 µL of each dilution was spread on
sp., Paracoccus sp. (Xu et al., 2008), Sphingomonas, nutrient agar plate containing 150ml/L chlorpyrifos.
Stenotrophomonas, Bacillus sp. Brevundimonas, Colonies that grow on nutrient agar (containing
Pseudomonas sp. (Li et al., 2008), Pseudomonas sp. chlorpyrifos) were isolated and purified using streak
(Singh et al., 2009), Klebsiella sp. (Ghanem et al., 2007), plate method. Strain exhibiting the maximum growth
Alcaligenes faecalis (Yang et al., 2005), Enterobacter potential was selected for further studies (Ortiz-
strain B-14 (Singh et al., 2004), Spirulina platensis Hernandez and Sanchez-Salinas, 2010).
(Thengodkar and Sivakami, 2010), Chlorella vulgaris
(Mukherjee et al., 2004), Verticillium sp. DSP strain Taxonomic identification of the microbial strain:
(Fang et al., 2008) Isolated strains were identified using Bergey’s Manual
Commercialization of bioremediation has not been of Determinative Bacteriology, on the basis of
established  fully,  limited  experimentation  of changes physiological, morphological and biochemical
in bacterial communities is one of the reasons. Both properties (Holt et al., 1994).
biotic (microbial agent, competition, growth kinetics,
inoculum density) and abiotic factor (pH, temperature, Inoculum preparation: Isolated/selected strain was
moisture, nutrients availability) effects the grown in nutrient broth. For the preparation of seed
biodegradation process (Xie et al., 2008). Singh et al. culture, broth culture was centrifuged for 10min at
(2008)  reported  that  high  pH  and  inoculum density 4600rpm. It was washed with sterile N-saline (0.9%)
(CFU/mL) are critical parameters for chlorpyrifos then resuspended (in 0.9% N-saline) and OD550 of 0.5
degradation and for in-situ bioremediation, cell level of was set. This suspension was quantified as colony
10 -10 /g soil is suggested. In contrast, 10  cells g/G of forming units (CFU/mL) by the technique of dilution plate6 8       5
Agroacterium strain was sufficient for rapid atrazine count (Fang et al., 2008). 
degradation. Increase in pesticide concentration yaer by
year is another source of in-situ bioremediation failure Biodegradation of chlorpyrifos: To study the potential of
(Struthers et al., 1998). isolated strain for chlorpyrifos biodegradation, shake
For this study we isolated bacteria from effluent of flask studies were conducted. 25mL MSM (sterile),
pesticide processing factory. These bacteria were then inoculum (10  CFU/mL) and known concentration of
isolated on the basis of chlorpyrifos tolerance and chlorpyrifos was mixed in a flask. Flask was shaked
effectiveness in degradation. Major factors (pesticide (100rpm) and incubated (37°C) for 20 days. In a control
concentration, carbon sources and pH and inoculum flask, 25mL MSM (sterile) and known concentration of
size) that influence chlorpyrifos biodegradation by these pesticide was added. Control was not inoculated with
newly isolated bacterial cultures were studied. isolated strain. All the experiments were conducted in
MATERIALS AND METHODS
Chemicals and soil sampling: Throughout the
experiment only analytical grade chemicals were used.
Chlorpyrifos (95%) was obtained from Pak China
Chemicals, Lahore. Sludge samples were collected
using standard protocols of Ghanem et al. (2007), from
wastewater drain of industrial area carrying effluents
from pesticide manufacturing factories. 
Enrichment, isolation and selection of microbial strains:
Chlorpyrifos resistant microbial strain were isolated
from collected samples using Minimal Salt Medium
4
triplicate. After regular interval (24h) samples from these
flasks were drawn (aseptically) and were analyzed for
remaining pesticides concentration (Fang et al., 2008).
Current study targets the biodegradation of chlorpyrifos
only not its metabolites. 
Extraction and HPLC analysis of chlorpyrifos: For
HPLC analysis the extracted samples were centrifuged
(at 7200rpm) for about 10min and supernatant was
mixed with equal volume of dichloromethane (DCM).
Organic layer was collected and DCM was evaporated
(under nitrogen) at room temperature. Residues were
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filtered using flouropore  filter membrane (0.45 µm environment and secondly they do not pose any threat toTM
diameter) after dissolving in acetonitrile (Ortiz- native flora and fauna (Thengodkar and Sivakami, 2010).
Hernandez and Sanchez-Salinas, 2010). Varian HPLC Number of condition increases or decreases the
(equipped with a ternary gradient pump, UV detector, success of biodegradation like; pH, temperature,
electric sample valve, column oven and C18 reversed- moisture, nutrients, microbial agent, competitive
phase column) was used for pesticide analysis using capability, pesticide bioavailability, etc. (Mukherjee et al.,
mobile phase of methanol : water (85:15, v:v). HPLC 2004). Soil decontamination by using isolated microbe
conditions were set as follows, sample volume: 20 µL, has been successful carried out by many researchers.
flow rate: 1 mL/min, retention time: 15min and For instance, Dams et al. (2007) isolated Sphingobium
wavelength: 290nm (Li et al., 2007) chlorophenolicum from soil and used it against
Effect of pesticide concentration: Pesticide degradation compared to control (non-inoculated soils).
concentration of 100-600mg/L was used to study the Similarly Pseudomonas putida ZWL73 accelerated the
effect of concentration on biodegradation process. biodegradation of 4-chloronitobenzene (4CNB) in
Measured concentration of chlorpyrifos, 150mL MSN contaminated soil (Niu et al., 2009). Hong et al. (2007)
(sterile) and inoculum (10  CFU/mL) were mixed, reported complete decontamination of soil containing4
incubated (37°C) and shaked continuously at 100rpm. fenitrothion (50 mg/kg) by Burkholderia sp. in 15 days,
Same setup without inoculum was kept as control. All whereas control was able to degrade only 30.4%. In
the setups were established in triplicate. After every 24h, Antarctic soil, oil contamination was removed up to 75%
samples (10ml) were withdrawn and pesticide residues by psychrotolerant strain (Acinetobacter johnsonii)
were extracted and analyzed (using procedure as whereas autochthonous bacterial communities degrade
described in previous sections). only 35% of oil (Ruberto et al., 2003). Studies have also
Effect of carbon sources: Different carbon sources Rhizopus sp., Penicillium funiculosum and Aspergillus
tested for enhancement of chlorpyrifos degradation were sydowii has the potential to degrade petroleum
glucose, mannose, yeast extract, galactose and starch. hydrocarbons up to 36% (Mancera-Lo´pez et al., 2008).
Carbon source (5%), MSN (150mL), chlorpyrifos Absidia cylindrospora, Another filamentous strain
(400mg/L) and inoculum (10  CFU/mL) were aseptically degraded 99% of fluorine within 288h in soil slurry, while4
added in the flasks (triplicate). Same setup without in non-inoculated soil the same fluorine degradation
added carbon source was kept as control. These flasks lasted for 576h (Garon et al., 2004). Biodegradation is a
were incubated (37°C) at 100rpm and pesticide composite method, where each step is catalyzed by
concentration was determined after every 24h. specific enzyme. Absence of such enzyme is considered
Effect of inoculum concentration: Inoculum ranges of Complete biodegradation yield carbon source and
10 -10  CFU/mL were prepared by adding appropriate energy by the process of oxidation. This carbon and3 8
amount of seed culture. This inoculum, MSN (150mL), energy is used for the growth of microorganisms. In
chlorpyrifos (400 mg/L) was aseptically added in the environment, where pesticide resistant microorganism
flasks (triplicate). Same setup without inoculum was is not present or if population size has reduced due to
kept as control. These flasks were incubated (37°C) at pesticide toxicity, in that situation a selected
100rpm and pesticide concentration was determined microorganism can be introduced for enhance
after every 24h. biodegradation (Niu et al., 2009). 
Effect of pH: pH range of 6-8.5 was tested in order to Isolation and characterization of chlorpyrifos
optimize  chlorpyrifos  degradation.  Experiments were degrading Bacterium: For this study, chlorpyrifos
setup in triplicate at 37°C using 150mL MSM, 400 mg/L resistant bacteria were screened by enriching
chlorpyrifos and 10  (CFU/mL) inoculum density. wastewater samples from industrial drain which4
Pesticide concentration was determined after every 24h. receives effluent from pesticide manufacturing plant. 35
Statistical analysis: Data was analyzed using Costat characteristics. Isolates were allowed to grow on MSM
and SPSS software. (containing chlorpyrifos up to 150 mg/L). Only WW5
RESULTS AND DISCUSSION
Bioremediation of bound and aged pesticide provides
the eco-friendly solution for contaminated environment.
For this purpose indigenous bacteria are considered
best option as they are most adaptive with the native
pentachlorophenol (PCP). This strain exhibit 80%
successfully used filamentous fungi for bioremediation.
as most common reason for pesticide persistence.
strains were isolated based on their morphological
showed very good growth and is used for in-depth study
of chlorpyrifos degradation, other isolated were sensitive
to the increasing concentration of chlorpyrifos (Fig. 1). 
Identification of strain: Colonies of strain WW5 were
gram  negative,  rod shaped,  motile,  aerobic  and  show
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Fig. 1: Screening of isolated on the basis of resistance pesticide increases longer lag phases were observed.
in chlorpyrifos amended medium Karpouzas and Walker (2000) suggested that these
Fig. 2: Effect of concentration on chlorpyrifos and 18%, respectively. Yeast extract also positively
degradation. pH: 7, inoculum density: 10 influenced the degradation and increase the process by4
(CFU/mL), incubation: 21 days and no added 13%. Whereas mannose and starch has minimal effect,
supplement their addition increased the chlorpyrifos by 6 and 2%,
positive catalase and oxidase test. WW5 was identified are contradictory with present study, who reported
as pseudomonas sp. by standard protocol set in Enterobacter strain which stops chlorpyrifos degradation
Bergey’s Manual of Determinative Bacteriology (Holt et with the addition of glucose and after 1.5 days the
al., 1994). To our understanding, this is the enhanced degradation process started again. On the other hand,
biodegradation of chlorpyrifos by Pseudomonas sp. in present study Pseudomonas sp. not only carry on
Pseudomonas is a versatile genus and previous reports chlorpyrifos degradation but boost the process. The
suggested that this genus could degrade a number of elevated biodegradation rate with addition of glucose is
chemicals, including pesticides like, carbaryl (Swetha a sign that glucose has a critical role in initial growth of
and Phale, 2005), malathion (Imran et al., 2004), Pseudomonas sp (Swetha and Phale, 2005). This
propargite (Sarkar et al., 2010) and present study also boosts in biodegradation perhaps due to co-
supported their immense biodegradation diversity. metabolism, where addition of easily metabolized
Effect of chlorpyrifos concentration: Pesticide which are usually not used as energy and carbon.
concentration is one of the major factors that determine Earlier findings   suggested   the   use   of  glucose as co
the fate of biodegradation. Very high concentration
usually leads to the failure of biodegradation as
microbes are not resistant against that. On the other
hand very low pesticide concentration shows strong
affinity with soil particles thus become non-available to
microbes. The maximum degradation of 78% was
achieved in 18 days of incubation (Fig. 2). Pseudomonas
is best adaptive at low concentration, the chlorpyrifos
degradation decreases with the increase in
concentration. At concentration of 100-300mg/L the
degradation decrease gradually but from 300mg/L to
onward the decline in degradation was sharp. The
growth of Pseudomonas in term of OD550 also degrease
with increase in chlorpyrifos concentration. These
results are in correspondence with those of Singh et al.
(2004), who reported maximum biodegradation of
chlorpyrifos at 250 mg/L. As the concentrations of
longer lag phases might because of the requirement of
larger microbial number and acclimation period to begin
enhanced biodegradation. Conversantly, Struthers et al.
(1998) reported ethoprophos degradation at high
concentrations. To our best knowledge this
Pseudomonas sp. has enhanced abilities for
chlorpyrifos degradation. Boettcher et al. (1992)
suggested that at constant biomass and short substrate
availability, biodegradation rate is directly proportional to
the residual pesticide concentration. 
Effect of carbon source: Presence of nutrients other
then pesticide has a remarkable influence on
biodegradation. These nutrients may boost the growth
on microbe or damage them being toxic. At 400 mg/L
Pseudomonas sp. degraded 53.6 % chlorpyrifos in 18
days (Fig. 2). However with the addition of nutrients like
glucose and galactose the degradation increased by 21
respectively (Fig. 3). The results of Singh et al. (2004)
organic matter boost degradation of such compounds
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Fig. 3: Effect of added supplements on chlorpyrifos
degradation. pH: 7, inoculum density: 10 Fig. 5: Effect of pH on chlorpyrifos degradation.4
(CFU/mL), incubation: 21 days and chlorpyrifos Chlorpyrifos concentration: (400mg/L), inoculum
concentration: 400 (mg/L) density: 10 (CFU/mL), incubation: 21 days and
Fig. 4: Effect of inoculum density on chlorpyrifos
degradation. pH: 7, incubation: 21 days,
chlorpyrifos concentration (400mg/L) and no
added supplement
substrate and the process of co-metabolism is widely
accepted applications for biodegradation management
(Sarkar et al., 2010).
Effect of inoculum density on degradation of
chlorpyrifos: Initial inoculum densities of 10 –103 8
CFU/mL were tested and Pseudomonas and it was 
found that the inoculum density has a direct relationship
with chlorpyrifos degradation (Fig. 4). With the highest
inoculum density of 10 CFU/mL, chlorpyrifos degraded8 
up to 94% within 18 days of incubation with apparently
no lag phase. Whereas, low inoculum density (103
CFU/mL)  shows   longer    lag    phase    and   degraded
4 
no added supplement
maximum of 47%. In general, longer lag phases were
observed prior to speedy degradation. At the start of
biodegradation process the number of active bacterial
population used to be small, longer lag phase
represents the time required to maintain the certain
significant number of bacterial population. Before that
significant number of active bacterial population
biodegradation cannot proceed (Anwar et al., 2009). This
significant number depends on resistant level of
microbial strain and also on the chemical nature of
material to be degraded (Fang et al., 2008). 
Effect of media pH: One of the important abiotic factors
that affect the microbial ability towards biodegradation is
pH. Pseudomonas exhibits degradation at most of the
pH ranges (alkaline to acidic) but with varying degree
(Fig. 5). Maximum degradation was observed at pH 8.
Singh et al. (2008) reported rapid chlorpyrifos
degradation by an Enterobacter sp at higher pH, while it
was significantly slow at low pH. Conversely, Karpouzas
and Walker (2000) reported Pseudomonas putida (epI
and epII) which quickly degraded organophosphate
pesticide (ethoprophos) from pH 7.6 to 5.5. In the
present study, higher pH shows maximum degradation.
Possibly, chlorpyrifos degrading enzymes have optimum
activity at high pH (Swetha and Phale, 2005). Present
study validate that the isolated Pseudomonas sp. could
be used for soil restoration and chlorpyrifos degradation.
Conclusions: For the purpose of ecological restoration,
bioremediation/biodegradation based techniques are
gaining popularity. One of the most vital steps in
successful biodegradation, is the selection of resistant
and appropriate/competent microbial strains. The  most
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successful elimination of contaminants may be Holt, J.G., N.R. Krieg, P.H. Sneath, J.T. Staley and S.T.
achieved using inoculants isolated from contaminated
environments (where contamination had occurred over
years). These indigenous microbe give duel benefit, first
they detoxify the contaminant and secondly do not pose
any serious threat to other native flora and fauna. Many
biotic and abiotic factors significantly influence the
process of biodegradation. In conclusion, present
results validate the potential of Pseudomonas sp. for
chlorpyrifos degradation. This strain can be used for
bioremediation of contaminated sites. 
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BLASTN 2.2.26+ 
 
Reference: 
Zheng Zhang, Scott Schwartz, Lukas Wagner, and Webb Miller (2000), 
"A greedy algorithm for aligning DNA sequences", J Comput Biol 2000; 
7(1-2):203-14. 
 
Database: Nucleotide collection (nt) 
           23,102,127 sequences; 59,161,326,904 total letters 
 
 
Query= Ct3_contig_1 
 
Length=1504 
                                                                     Score     E 
Sequences producing significant alignments:                          (Bits)  Value 
 
gb|KF475814.1|  Bacillus cereus strain IHB B 8024 16S ribosomal R...  2752    0.0   
gb|KJ722444.1|  Bacillus cereus strain 39NIG1 16S ribosomal RNA g...  2750    0.0   
gb|KF150388.1|  Bacillus cereus strain JN97 16S ribosomal RNA gen...  2750    0.0   
gb|KF150385.1|  Bacillus cereus strain JN88 16S ribosomal RNA gen...  2750    0.0   
gb|KF150337.1|  Bacillus cereus strain JN13 16S ribosomal RNA gen...  2750    0.0   
gb|KF150331.1|  Bacillus cereus strain JN2 16S ribosomal RNA gene...  2750    0.0   
gb|KF668460.1|  Bacillus cereus strain IHB B 6826 16S ribosomal R...  2748    0.0   
gb|GQ889249.1|  Bacillus cereus strain S11 16S ribosomal RNA gene...  2748    0.0   
gb|KJ722437.1|  Bacillus cereus strain Lr4/2 16S ribosomal RNA ge...  2747    0.0   
gb|KF984424.1|  Bacillus sp. BAB-3124 16S ribosomal RNA gene, par...  2747    0.0   
gb|KF984414.1|  Bacillus sp. BAB-3112 16S ribosomal RNA gene, par...  2747    0.0   
gb|KF512665.1|  Bacillus thuringiensis strain BFB35 16S ribosomal...  2747    0.0   
gb|CP004069.1|  Bacillus thuringiensis serovar kurstaki str. HD73...  2747    0.0   
gb|KC178605.1|  Bacillus weihenstephanensis strain Cl-31 16S ribo...  2747    0.0   
gb|JX566534.1|  Bacillus sp. 1052 16S ribosomal RNA gene, partial...  2747    0.0   
gb|CP003763.1|  Bacillus thuringiensis HD-789, complete genome        2747    0.0   
gb|CP003752.1|  Bacillus thuringiensis HD-771, complete genome        2747    0.0   
gb|JQ435675.1|  Bacillus cereus strain PR15 16S ribosomal RNA gen...  2747    0.0   
gb|JF309223.1|  Bacillus sp. 3541BRRJ 16S ribosomal RNA gene, par...  2747    0.0   
gb|HQ727973.1|  Bacillus cereus strain Aj080319IA-16 16S ribosoma...  2747    0.0   
gb|GQ381280.1|  Bacillus cereus strain TA2 16S ribosomal RNA gene...  2747    0.0   
gb|HM045841.1|  Bacillus sp. WJ17 16S ribosomal RNA gene, partial...  2747    0.0   
gb|GU451171.1|  Bacillus thuringiensis strain BNA-2 16S ribosomal...  2747    0.0   
dbj|AB508858.1|  Bacillus sp. TSH67 gene for 16S ribosomal RNA, p...  2747    0.0   
gb|CP001186.1|  Bacillus cereus G9842, complete genome                2747    0.0   
gb|FJ462699.1|  Bacillus cereus strain NA10 16S ribosomal RNA gen...  2747    0.0   
gb|FJ210679.1|  Bacillus cereus strain AR52 16S ribosomal RNA gen...  2747    0.0   
gb|EF100616.1|  Bacillus cereus strain HS-MP13 16S ribosomal RNA ...  2747    0.0   
emb|AM747222.1|  Bacillus thuringiensis partial 16S rRNA gene and...  2747    0.0   
emb|AM747223.1|  Bacillus thuringiensis partial 16S rRNA gene and...  2747    0.0   
emb|AJ577291.1|  Bacillus cereus partial 16S rRNA gene, strain F ...  2747    0.0   
gb|KF687028.1|  Bacillus cereus strain JN74 16S ribosomal RNA gen...  2745    0.0   
gb|KF150501.1|  Bacillus cereus strain JN267 16S ribosomal RNA ge...  2745    0.0   
gb|KF150500.1|  Bacillus cereus strain JN266 16S ribosomal RNA ge...  2745    0.0   
gb|KF150475.1|  Bacillus cereus strain JN236 16S ribosomal RNA ge...  2745    0.0   
gb|KF150473.1|  Bacillus cereus strain JN234 16S ribosomal RNA ge...  2745    0.0   
gb|KF150461.1|  Bacillus cereus strain JN222 16S ribosomal RNA ge...  2745    0.0   
gb|KF150419.1|  Bacillus cereus strain JN178 16S ribosomal RNA ge...  2745    0.0   
gb|KF150398.1|  Bacillus cereus strain JN120 16S ribosomal RNA ge...  2745    0.0   
gb|KF150383.1|  Bacillus cereus strain JN86 16S ribosomal RNA gen...  2745    0.0   
gb|KF150380.1|  Bacillus cereus strain JN80 16S ribosomal RNA gen...  2745    0.0   
gb|KF150373.1|  Bacillus cereus strain JN66 16S ribosomal RNA gen...  2745    0.0   
gb|KF150350.1|  Bacillus cereus strain JN38 16S ribosomal RNA gen...  2745    0.0   
gb|JQ518346.1|  Bacillus cereus 16S ribosomal RNA gene, partial s...  2745    0.0   
dbj|AB215099.1|  Bacillus cereus gene for 16S ribosomal RNA, part...  2745    0.0   
gb|FJ867930.1|  [Streptomyces] sp. LCB58 16S ribosomal RNA gene, ...  2743    0.0   
gb|JQ824967.1|  Uncultured bacterium clone SN79 16S ribosomal RNA...  2743    0.0   
emb|HE662675.2|  Bacillus sp. S82 partial 16S rRNA gene, strain S82   2743    0.0   
dbj|AB648985.1|  Bacillus cereus gene for 16S rRNA, partial seque...  2743    0.0   
dbj|AB648986.1|  Bacillus cereus gene for 16S rRNA, partial seque...  2743    0.0   
gb|JF508840.1|  Bacterium enrichment culture clone FeRB2 16S ribo...  2743    0.0   
gb|JF309221.1|  Bacillus sp. 3374BRRJ 16S ribosomal RNA gene, par...  2743    0.0   
dbj|AB480773.1|  Bacillus cereus gene for 16S ribosomal RNA, part...  2743    0.0   
dbj|AB355699.1|  Bacillus cereus gene for 16S rRNA, partial seque...  2743    0.0   
gb|AY741718.1|  Bacillus thuringiensis 16S ribosomal RNA gene, pa...  2743    0.0   
gb|AY138280.1|  Bacillus thuringiensis strain 2000032757 16S ribo...  2743    0.0   
gb|AY138281.1|  Bacillus thuringiensis strain 2000032756 16S ribo...  2743    0.0   
gb|AY138272.1|  Bacillus cereus strain 2000031486 16S ribosomal R...  2743    0.0   
gb|AY138273.1|  Bacillus cereus strain G9667 16S ribosomal RNA ge...  2743    0.0   
gb|AF155952.1|AF155952  Bacillus cereus strain 9620 16S ribosomal...  2743    0.0   
gb|KJ722482.1|  Bacillus cereus strain 5NAP21 16S ribosomal RNA g...  2741    0.0   
gb|KF956598.1|  Bacillus sp. S20610 16S ribosomal RNA gene, parti...  2741    0.0   
gb|KF870442.1|  Bacillus sp. LS-063 16S ribosomal RNA gene, parti...  2741    0.0   
gb|KF512667.1|  Bacillus cereus strain PLB38 16S ribosomal RNA ge...  2741    0.0   
gb|KF479685.1|  Bacillus sp. D-14 16S ribosomal RNA gene, partial...  2741    0.0   
gb|KF479679.1|  Bacillus sp. D-7-2 16S ribosomal RNA gene, partia...  2741    0.0   
gb|KF479671.1|  Bacillus sp. D-1 16S ribosomal RNA gene, partial ...  2741    0.0   
gb|KF479603.1|  Bacillus sp. B-13 16S ribosomal RNA gene, partial...  2741    0.0   
gb|KF479588.1|  Bacillus sp. B38 16S ribosomal RNA gene, partial ...  2741    0.0   
gb|KF479564.1|  Bacillus sp. A63 16S ribosomal RNA gene, partial ...  2741    0.0   
gb|KF114419.1|  Bacterium A26(2013) 16S ribosomal RNA gene, parti...  2741    0.0   
gb|KF114414.1|  Bacterium A18(2013) 16S ribosomal RNA gene, parti...  2741    0.0   
gb|KF114412.1|  Bacterium A15(2013) 16S ribosomal RNA gene, parti...  2741    0.0   
gb|KF475795.1|  Bacillus cereus strain IHB B 379 16S ribosomal RN...  2741    0.0   
gb|KF010349.1|  Bacillus cereus strain B2 16S ribosomal RNA gene,...  2741    0.0   
gb|KF150340.1|  Bacillus cereus strain JN19 16S ribosomal RNA gen...  2741    0.0   
gb|KF150338.1|  Bacillus cereus strain JN14 16S ribosomal RNA gen...  2741    0.0   
gb|KF150336.1|  Bacillus anthracis strain JN10 16S ribosomal RNA ...  2741    0.0   
gb|KC934895.1|  Bacillus cereus strain M71 16S ribosomal RNA gene...  2741    0.0   
gb|JX429824.1|  Bacillus cereus strain SS263-34 16Sribosomal RNA ...  2741    0.0   
gb|KC329820.1|  Bacillus weihenstephanensis strain 23A 16S riboso...  2741    0.0   
gb|KC178607.1|  Bacillus thuringiensis strain Cl-33 16S ribosomal...  2741    0.0   
gb|JX845719.1|  Bacterium MT29 16S ribosomal RNA gene, partial se...  2741    0.0   
gb|CP003687.1|  Bacillus thuringiensis MC28, complete genome          2741    0.0   
gb|JQ739719.1|  Bacillus cereus strain HVR22 16S ribosomal RNA ge...  2741    0.0   
gb|JQ739718.1|  Bacillus cereus strain ULT15 16S ribosomal RNA ge...  2741    0.0   
gb|JQ435683.1|  Bacillus thuringiensis strain AM6 16S ribosomal R...  2741    0.0   
gb|JN315893.1|  Bacillus cereus strain GUFBSS253-84 16S ribosomal...  2741    0.0   
gb|CP003187.1|  Bacillus cereus F837/76, complete genome              2741    0.0   
 
 
 
 
 
 
 >gb|KF475814.1| Bacillus cereus strain IHB B 8024 16S ribosomal RNA gene, partial  
sequence 
Length=1516 
 
 Score = 2752 bits (1490),  Expect = 0.0 
 Identities = 1498/1501 (99%), Gaps = 3/1501 (0%) 
 Strand=Plus/Plus 
 
Query  4     TCA-GATGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGAATGGATTAAGAGCT  62 
             ||| |||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  17    TCAGGATGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGAATGGATTAAGAGCT  76 
 
Query  63    TGCTCTTATGAAGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCATAAGAC  122 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  77    TGCTCTTATGAAGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCATAAGAC  136 
 
Query  123   TGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAACATTTTGAACTGCATGGTTCGA  182 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  137   TGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAACATTTTGAACTGCATGGTTCGA  196 
 
Query  183   AATTGAAAGGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCGCATTAGCTAGTTGG  242 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  197   AATTGAAAGGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCGCATTAGCTAGTTGG  256 
 
Query  243   TGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACA  302 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  257   TGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACA  316 
 
Query  303   CTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAAT  362 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  317   CTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAAT  376 
 
Query  363   GGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGTAAAACT  422 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  377   GGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGTAAAACT  436 
 
Query  423   CTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTTGACGGTACCTAACC  482 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  437   CTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTTGACGGTACCTAACC  496 
 
Query  483   AGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTAT  542 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  497   AGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTAT  556 
 
Query  543   CCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCA  602 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  557   CCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCA  616 
 
Query  603   CGGCTCAACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGG  662 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  617   CGGCTCAACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGG  676 
 
Query  663   AATTCCATGTGTAGCGGTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAAGGCGA  722 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  677   AATTCCATGTGTAGCGGTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAAGGCGA  736 
 
Query  723   CTTTCTGGTCTGTAACTGACACTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATA  782 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  737   CTTTCTGGTCTGTAACTGACACTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATA  796 
 
Query  783   CCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAG  842 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  797   CCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAG  856 
 
Query  843   TGCTGAAGTTAACGCATTAAGCACTCCGCCTGGGGAGTACGGCCGCAAGGCTGAAACTCA  902 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  857   TGCTGAAGTTAACGCATTAAGCACTCCGCCTGGGGAGTACGGCCGCAAGGCTGAAACTCA  916 
 
Query  903   AAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCG  962 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  917   AAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCG  976 
 Query  963   AAGAACCTTACCAGGTCTTGACATCCTCTGAAAACCCTAGAGATAGGGCTTCTCCTTCGG  1022 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  977   AAGAACCTTACCAGGTCTTGACATCCTCTGAAAACCCTAGAGATAGGGCTTCTCCTTCGG  1036 
 
Query  1023  GAGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAA  1082 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1037  GAGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAA  1096 
 
Query  1083  GTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCATCATTAAGTTGGGCACTCTAAGG  1142 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1097  GTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCATCATTAAGTTGGGCACTCTAAGG  1156 
 
Query  1143  TGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTAT  1202 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1157  TGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTAT  1216 
 
Query  1203  GACCTGGGCTACACACGTGCTACAATGGACGGTACAAAGAGCTGCAAGACCGCGAGGTGG  1262 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1217  GACCTGGGCTACACACGTGCTACAATGGACGGTACAAAGAGCTGCAAGACCGCGAGGTGG  1276 
 
Query  1263  AGCTAATCTCATAAAACCGTTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATGAAG  1322 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1277  AGCTAATCTCATAAAACCGTTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATGAAG  1336 
 
Query  1323  CTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTA  1382 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1337  CTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTA  1396 
 
Query  1383  CACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGGGGTAACCTTTTT  1442 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1397  CACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGGGGTAACCTTTTT  1456 
 
Query  1443  GGAGCCAGCCGCCTAAGGTGGGACAGATGATTGGGGTGAAGTCGTAACA-GGTAACCCGT  1501 
             ||||||||||||||||||||||||||||||||||||||||||||||||| ||||||| || 
Sbjct  1457  GGAGCCAGCCGCCTAAGGTGGGACAGATGATTGGGGTGAAGTCGTAACAAGGTAACC-GT  1515 
 
Query  1502  A  1502 
             | 
Sbjct  1516  A  1516 
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File: WW7_785F.ab1          Run Ended: 2015/7/1 14:17:58          Signal G:531 A:538 C:643 T:512         
Sample: WW7_785F          Lane: 12          Base spacing: 16.126083          711 bases in 8460 scans          Page 1 of 2          
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BLASTN 2.2.26+ 
 
Reference: 
Zheng Zhang, Scott Schwartz, Lukas Wagner, and Webb Miller (2000), 
"A greedy algorithm for aligning DNA sequences", J Comput Biol 2000; 
7(1-2):203-14. 
 
Database: Nucleotide collection (nt) 
           23,102,127 sequences; 59,161,326,904 total letters 
 
Query= WW7_contig_1 
 
Length=1492 
                                                                     Score     E 
Sequences producing significant alignments:                          (Bits)  Value 
 
gb|KF668476.1|  Pseudomonas aeruginosa strain IHB B 6863 16S ribo...  2730    0.0   
gb|JF513146.1|  Pseudomonas aeruginosa strain S164S 16S ribosomal...  2730    0.0   
gb|GU296674.1|  Pseudomonas aeruginosa strain ANSC 16S ribosomal ...  2730    0.0   
gb|CP007224.1|  Pseudomonas aeruginosa PA96 genome                    2724    0.0   
gb|KF956583.1|  Pseudomonas aeruginosa strain S20410 16S ribosoma...  2724    0.0   
gb|CP006985.1|  Pseudomonas aeruginosa LESlike4 sequence              2724    0.0   
gb|CP006984.1|  Pseudomonas aeruginosa LESlike1 sequence              2724    0.0   
gb|CP006983.1|  Pseudomonas aeruginosa LESB65 sequence                2724    0.0   
gb|CP006982.1|  Pseudomonas aeruginosa LES400 sequence                2724    0.0   
gb|CP006981.1|  Pseudomonas aeruginosa LESlike7 sequence              2724    0.0   
gb|CP006980.1|  Pseudomonas aeruginosa LESlike5 sequence              2724    0.0   
gb|KF848651.1|  Uncultured Pseudomonas sp. clone C0_4 16S ribosom...  2724    0.0   
gb|KF848646.1|  Uncultured Pseudomonas sp. clone B1_9 16S ribosom...  2724    0.0   
gb|CP007147.1|  Pseudomonas aeruginosa YL84, complete genome          2724    0.0   
emb|HG530068.1|  Pseudomonas aeruginosa PA38182, complete genome      2724    0.0   
gb|KF746957.1|  Pseudomonas aeruginosa strain ET6 16S ribosomal R...  2724    0.0   
gb|CP006931.1|  Pseudomonas aeruginosa SCV20265, complete genome      2724    0.0   
gb|CP006937.1|  Pseudomonas aeruginosa LES431, complete genome        2724    0.0   
gb|CP006853.1|  Pseudomonas aeruginosa MTB-1, complete genome         2724    0.0   
gb|CP004055.1|  Pseudomonas aeruginosa PA1R, complete genome          2724    0.0   
gb|CP004054.1|  Pseudomonas aeruginosa PA1, complete genome           2724    0.0   
gb|CP006832.1|  Pseudomonas aeruginosa PAO1-VE13 genome               2724    0.0   
gb|CP006831.1|  Pseudomonas aeruginosa PAO1-VE2 genome                2724    0.0   
gb|CP006705.1|  Pseudomonas aeruginosa PAO581 genome                  2724    0.0   
gb|CP006728.1|  Pseudomonas aeruginosa c7447m genome                  2724    0.0   
gb|CP006245.1|  Pseudomonas aeruginosa RP73, complete genome          2724    0.0   
gb|CP004061.1|  Pseudomonas aeruginosa B136-33, complete genome       2724    0.0   
ref|NR_074828.1|  Pseudomonas aeruginosa PAO1 strain PAO1 16S rib...  2724    0.0   
emb|HE978271.1|  Pseudomonas aeruginosa partial 16S rRNA gene, ty...  2724    0.0   
gb|JX035794.1|  Pseudomonas aeruginosa strain N002 16S ribosomal ...  2724    0.0   
gb|CP003149.1|  Pseudomonas aeruginosa DK2, complete genome           2724    0.0   
gb|JQ773431.1|  Pseudomonas aeruginosa strain RI-1 16S ribosomal ...  2724    0.0   
gb|HQ288928.1|  Pseudomonas aeruginosa strain G14 16S ribosomal R...  2724    0.0   
dbj|AP012280.1|  Pseudomonas aeruginosa NCGM2.S1 DNA, complete ge...  2724    0.0   
gb|CP002496.1|  Pseudomonas aeruginosa M18, complete genome           2724    0.0   
gb|JN003625.1|  Pseudomonas aeruginosa strain BS8 16S ribosomal R...  2724    0.0   
gb|JF513147.1|  Pseudomonas aeruginosa strain S167S(2) 16S riboso...  2724    0.0   
gb|JF708942.1|  Pseudomonas aeruginosa strain IRMD-2010 16S ribos...  2724    0.0   
gb|GU269267.1|  Pseudomonas aeruginosa strain DQ8 16S ribosomal R...  2724    0.0   
gb|HM152694.1|  Uncultured Pseudomonas sp. clone Filt.107 16S rib...  2724    0.0   
gb|GU566322.1|  Pseudomonas sp. NR2(2010) 16S ribosomal RNA gene,...  2724    0.0   
gb|GU447238.1|  Pseudomonas aeruginosa strain AS2 16S ribosomal R...  2724    0.0   
gb|GQ180117.1|  Pseudomonas aeruginosa strain MW3A 16S ribosomal ...  2724    0.0   
gb|FJ948174.1|  Pseudomonas aeruginosa strain WJ-1 16S ribosomal ...  2724    0.0   
emb|FM209186.1|  Pseudomonas aeruginosa LESB58 complete genome se...  2724    0.0   
gb|EU352760.1|  Pseudomonas aeruginosa strain NK 2.1B-1 16S ribos...  2724    0.0   
gb|EU331416.1|  Pseudomonas aeruginosa strain pY11T-3-1 16S ribos...  2724    0.0   
gb|EU236261.1|  Uncultured bacterium clone ZB1 16S ribosomal RNA ...  2724    0.0   
gb|CP000744.1|  Pseudomonas aeruginosa PA7, complete genome           2724    0.0   
gb|EF509253.1|  Uncultured bacterium clone P7D1-420 16S ribosomal...  2724    0.0   
gb|EF509256.1|  Uncultured bacterium clone P7D1-542 16S ribosomal...  2724    0.0   
gb|CP000438.1|  Pseudomonas aeruginosa UCBPP-PA14, complete genome    2724    0.0   
gb|AE004091.2|  Pseudomonas aeruginosa PAO1, complete genome          2724    0.0   
gb|DQ464061.1|  Pseudomonas aeruginosa isolate PAL106 16S ribosom...  2724    0.0   
gb|AF125317.1|  Pseudomonas sp. pDL01 16S ribosomal RNA gene, par...  2724    0.0   
gb|AY631241.1|  Pseudomonas aeruginosa clone X13 16S ribosomal RN...  2724    0.0   
emb|AM084013.1|  Pseudomonas sp. R-24609 16S rRNA gene, strain R-...  2724    0.0   
dbj|AB117953.1|  Pseudomonas aeruginosa gene for 16S rRNA, strain...  2724    0.0   
emb|AJ387904.1|  Pseudomonas sp. 16S rRNA gene, strain OLB-1          2724    0.0   
emb|AJ249451.1|  Pseudomonas aeruginosa 16S rRNA gene, strain AL98    2724    0.0   
gb|KF185110.1|  Pseudomonas aeruginosa strain NRRL B-59992 16S ri...  2723    0.0   
gb|KC211291.1|  Pseudomonas aeruginosa strain KLU02 16S ribosomal...  2723    0.0   
gb|JQ894531.1|  Pseudomonas sp. CEBP1 16S ribosomal RNA gene, par...  2723    0.0   
gb|JQ782891.1|  Pseudomonas sp. BT 302 16S ribosomal RNA gene, pa...  2723    0.0   
emb|FM996876.1|  Uncultured bacterium partial 16S rRNA gene, clon...  2723    0.0   
emb|FM996154.1|  Uncultured bacterium partial 16S rRNA gene, clon...  2723    0.0   
emb|FM996063.1|  Uncultured bacterium partial 16S rRNA gene, clon...  2723    0.0   
emb|FM996090.1|  Uncultured bacterium partial 16S rRNA gene, clon...  2723    0.0   
emb|FM996082.1|  Uncultured bacterium partial 16S rRNA gene, clon...  2723    0.0   
emb|FM996089.1|  Uncultured bacterium partial 16S rRNA gene, clon...  2723    0.0   
emb|FM996066.1|  Uncultured bacterium partial 16S rRNA gene, clon...  2723    0.0   
emb|FM996117.1|  Uncultured bacterium partial 16S rRNA gene, clon...  2723    0.0   
gb|GQ254065.1|  Pseudomonas aeruginosa strain CS-2 16S ribosomal ...  2723    0.0   
gb|FJ665510.1|  Pseudomonas aeruginosa 16S ribosomal RNA gene, pa...  2723    0.0   
gb|KF976394.1|  Pseudomonas aeruginosa strain C1501 16S ribosomal...  2721    0.0   
dbj|AB691548.1|  Pseudomonas sp. YGJ2 gene for 16S ribosomal RNA,...  2721    0.0   
gb|JN128893.1|  Pseudomonas aeruginosa strain CGR 16S ribosomal R...  2721    0.0   
gb|JN020962.1|  Pseudomonas aeruginosa strain PW09 16S ribosomal ...  2721    0.0   
gb|JF513135.1|  Pseudomonas aeruginosa strain S35R 16S ribosomal ...  2721    0.0   
gb|HQ434555.1|  Pseudomonas aeruginosa strain 1-15 16S ribosomal ...  2721    0.0   
emb|FM997022.1|  Uncultured bacterium partial 16S rRNA gene, clon...  2721    0.0   
emb|FM997059.1|  Uncultured bacterium partial 16S rRNA gene, clon...  2721    0.0   
emb|FM996249.1|  Uncultured bacterium partial 16S rRNA gene, clon...  2721    0.0   
emb|FM996250.1|  Uncultured bacterium partial 16S rRNA gene, clon...  2721    0.0   
emb|FM996166.1|  Uncultured bacterium partial 16S rRNA gene, clon...  2721    0.0   
emb|FM995970.1|  Uncultured bacterium partial 16S rRNA gene, clon...  2721    0.0   
emb|FM996023.1|  Uncultured bacterium partial 16S rRNA gene, clon...  2721    0.0   
emb|FM996018.1|  Uncultured bacterium partial 16S rRNA gene, clon...  2721    0.0   
emb|FM996000.1|  Uncultured bacterium partial 16S rRNA gene, clon...  2721    0.0   
emb|FM995985.1|  Uncultured bacterium partial 16S rRNA gene, clon...  2721    0.0   
emb|FM996038.1|  Uncultured bacterium partial 16S rRNA gene, clon...  2721    0.0   
emb|FM995859.1|  Uncultured bacterium partial 16S rRNA gene, clon...  2721    0.0   
emb|FM995843.1|  Uncultured bacterium partial 16S rRNA gene, clon...  2721    0.0   
emb|FM995851.1|  Uncultured bacterium partial 16S rRNA gene, clon...  2721    0.0   
gb|FJ227280.2|  Pseudomonas aeruginosa strain J007 16S ribosomal ...  2721    0.0   
gb|EU221381.1|  Pseudomonas aeruginosa strain Y2P3 16S ribosomal ...  2721    0.0   
gb|EF509384.1|  Uncultured bacterium clone P7D1-456 16S ribosomal...  2721    0.0   
gb|EF509265.1|  Uncultured bacterium clone P7D1-534 16S ribosomal...  2721    0.0   
gb|EF064786.1|  Pseudomonas aeruginosa strain K3 16S ribosomal RN...  2721    0.0   
gb|AY631240.1|  Pseudomonas aeruginosa clone X3 16S ribosomal RNA...  2721    0.0   
gb|DQ115539.1|  Pseudomonas aeruginosa 16S ribosomal RNA gene, pa...  2721    0.0   
dbj|AB126582.1|  Pseudomonas aeruginosa gene for 16S rRNA, comple...  2721    0.0   
gb|AF227866.1|AF227866  Bacterium str. 61716 16S ribosomal RNA ge...  2721    0.0   
gb|KF973256.1|  Pseudomonas aeruginosa strain XLSG-8 16S ribosoma...  2719    0.0   
gb|KF769540.1|  Pseudomonas aeruginosa strain PPS02 16S ribosomal...  2719    0.0   
gb|KF769537.1|  Pseudomonas aeruginosa strain FA02 16S ribosomal ...  2719    0.0   
gb|KF733608.1|  Uncultured Pseudomonas sp. 16S ribosomal RNA gene...  2719    0.0   
gb|KC814697.1|  Streptomyces sp. SCSIO 04777 16S ribosomal RNA ge...  2719    0.0   
gb|JQ773433.1|  Pseudomonas aeruginosa strain DKH-3 16S ribosomal...  2719    0.0   
gb|JF926712.1|  Uncultured bacterium clone 136 16S ribosomal RNA ...  2719    0.0   
gb|JF926700.1|  Uncultured bacterium clone 7 16S ribosomal RNA ge...  2719    0.0   
gb|JQ337952.1|  Pseudomonas aeruginosa strain L1 16S ribosomal RN...  2719    0.0   
gb|JQ249910.1|  Pseudomonas aeruginosa strain ZDC-2 16S ribosomal...  2719    0.0   
gb|JN882043.1|  Uncultured bacterium clone A27 16S ribosomal RNA ...  2719    0.0   
gb|JN882028.1|  Uncultured bacterium clone A2 16S ribosomal RNA g...  2719    0.0   
gb|JQ267797.1|  Pseudomonas aeruginosa strain EMBS025 16S ribosom...  2719    0.0   
gb|HQ288940.1|  Pseudomonas aeruginosa strain A11 16S ribosomal R...  2719    0.0   
gb|JN594664.1|  Pseudomonas aeruginosa strain GDC10 16S ribosomal...  2719    0.0   
gb|JF513140.1|  Pseudomonas aeruginosa strain S85R 16S ribosomal ...  2719    0.0   
 
 
 >gb|KF668476.1| Pseudomonas aeruginosa strain IHB B 6863 16S ribosomal RNA gene,  
partial sequence 
Length=1500 
 
 Score = 2730 bits (1478),  Expect = 0.0 
 Identities = 1483/1485 (99%), Gaps = 2/1485 (0%) 
 Strand=Plus/Plus 
 
Query  9     TCAGA-TGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGCGGATGAAGGGAGCTTG  67 
             ||||| |||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  17    TCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGCGGATGAAGGGAGCTTG  76 
 
Query  68    CTCCTGGATTCAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTGGTAGTGGGGGA  127 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  77    CTCCTGGATTCAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTGGTAGTGGGGGA  136 
 
Query  128   TAACGTCCGGAAACGGGCGCTAATACCGCATACGTCCTGAGGGAGAAAGTGGGGGATCTT  187 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  137   TAACGTCCGGAAACGGGCGCTAATACCGCATACGTCCTGAGGGAGAAAGTGGGGGATCTT  196 
 
Query  188   CGGACCTCACGCTATCAGATGAGCCTAGGTCGGATTAGCTAGTTGGTGGGGTAAAGGCCT  247 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  197   CGGACCTCACGCTATCAGATGAGCCTAGGTCGGATTAGCTAGTTGGTGGGGTAAAGGCCT  256 
 
Query  248   ACCAAGGCGACGATCCGTAACTGGTCTGAGAGGATGATCAGTCACACTGGAACTGAGACA  307 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  257   ACCAAGGCGACGATCCGTAACTGGTCTGAGAGGATGATCAGTCACACTGGAACTGAGACA  316 
 
Query  308   CGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGA  367 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  317   CGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGA  376 
 
Query  368   TCCAGCCATGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGAG  427 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  377   TCCAGCCATGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGAG  436 
 
Query  428   GAAGGGCAGTAAGTTAATACCTTGCTGTTTTGACGTTACCAACAGAATAAGCACCGGCTA  487 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  437   GAAGGGCAGTAAGTTAATACCTTGCTGTTTTGACGTTACCAACAGAATAAGCACCGGCTA  496 
 
Query  488   ACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGTGCAAGCGTTAATCGGAATTACTGGGC  547 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  497   ACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGTGCAAGCGTTAATCGGAATTACTGGGC  556 
 
Query  548   GTAAAGCGCGCGTAGGTGGTTCAGCAAGTTGGATGTGAAATCCCCGGGCTCAACCTGGGA  607 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  557   GTAAAGCGCGCGTAGGTGGTTCAGCAAGTTGGATGTGAAATCCCCGGGCTCAACCTGGGA  616 
 
Query  608   ACTGCATCCAAAACTACTGAGCTAGAGTACGGTAGAGGGTGGTGGAATTTCCTGTGTAGC  667 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  617   ACTGCATCCAAA’ACTACTGAGCTAGAGTACGGTAGAGGGTGGTGGAATTTCCTGTGTAGC  676 
 
Query  668   GGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACTGATA  727 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  677   GGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACTGATA  736 
 
Query  728   CTGACACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACG  787 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  737   CTGACACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACG  796 
 
Query  788   CCGTAAACGATGTCGACTAGCCGTTGGGATCCTTGAGATCTTAGTGGCGCAGCTAACGCG  847 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  797   CCGTAAACGATGTCGACTAGCCGTTGGGATCCTTGAGATCTTAGTGGCGCAGCTAACGCG  856 
 
Query  848   ATAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGG  907 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  857   ATAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGG  916 
 
Query  908   CCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCTGGC  967 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  917   CCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCTGGC  976 
 Query  968   CTTGACATGCTGAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTCAGACACAGGT  1027 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  977   CTTGACATGCTGAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTCAGACACAGGT  1036 
 
Query  1028  GCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGTAACGAGCGC  1087 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1037  GCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGTAACGAGCGC  1096 
 
Query  1088  AACCCTTGTCCTTAGTTACCAGCACCTCGGGTGGGCACTCTAAGGAGACTGCCGGTGACA  1147 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1097  AACCCTTGTCCTTAGTTACCAGCACCTCGGGTGGGCACTCTAAGGAGACTGCCGGTGACA  1156 
 
Query  1148  AACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGGCCAGGGCTACACA  1207 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1157  AACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGGCCAGGGCTACACA  1216 
 
Query  1208  CGTGCTACAATGGTCGGTACAAAGGGTTGCCAAGCCGCGAGGTGGAGCTAATCCCATAAA  1267 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1217  CGTGCTACAATGGTCGGTACAAAGGGTTGCCAAGCCGCGAGGTGGAGCTAATCCCATAAA  1276 
 
Query  1268  ACCGATCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTA  1327 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1277  ACCGATCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTA  1336 
 
Query  1328  ATCGTGAATCAGAATGTCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCAC  1387 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1337  ATCGTGAATCAGAATGTCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCAC  1396 
 
Query  1388  ACCATGGGAGTGGGTTGCTCCAGAAGTAGCTAGTCTAACCGCAAGGGGGACGGTTACCAC  1447 
             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1397  ACCATGGGAGTGGGTTGCTCCAGAAGTAGCTAGTCTAACCGCAAGGGGGACGGTTACCAC  1456 
 
Query  1448  GGAGTGATTCATGACTGGGGTGAAGTCGTAACAAGGTTAACCGTA  1492 
             ||||||||||||||||||||||||||||||||||||| ||||||| 
Sbjct  1457  GGAGTGATTCATGACTGGGGTGAAGTCGTAACAAGGT-AACCGTA  1500 
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Sample: Ct27_907R          Lane: 14          Base spacing: 14.792303          1255 bases in 15281 scans          Page 1 of 2          
File: Ct27_907R.ab1          Run Ended: 2015/7/1 0:42:18          Signal G:3758 A:4758 C:8923 T:6361         
Sample: Ct27_907R          Lane: 14          Base spacing: 14.792303          1255 bases in 15281 scans          Page 2 of 2          
BLASTN 2.2.26+ 
 
Reference: 
Zheng Zhang, Scott Schwartz, Lukas Wagner, and Webb Miller (2000), 
"A greedy algorithm for aligning DNA sequences", J Comput Biol 2000; 
7(1-2):203-14. 
 
Database: Nucleotide collection (nt) 
           23,102,127 sequences; 59,161,326,904 total letters 
 
 
Query= Ct27_contig_1 
Length=980 
                                                                       Score    E 
Sequences producing significant alignments:                            (Bits)  Value 
 
ref|NZ_CP004887.1|  Klebsiella oxytoca HKOPL1, complete genome 1050 0.0 
ref|NZ_CP008788.1|     Klebsiella oxytoca KONIH1, complete genome  1050     0.0 
ref|NZ_CP008841.1|      Klebsiella oxytoca M1, complete genome    1050   0.0 
ref|NC_021232.1|     Klebsiella pneumoniae subsp........  1050    0.0  
ref|NC_018106.1|   Klebsiella oxytoca E718, complete genome   1050    0.0 
ref|NC_016612.1|    Klebsiella oxytoca KCTC 1686……………  1050   0.0 
ref|NZ_CP011636.1|  Klebsiella oxytoca strain CAV1374…………. 1050  0.0 
ref|NZ_CP011618.1|  Klebsiella oxytoca strain CAV1335………… 1050  0.0 
ref|NZ_CP011597.1|  Klebsiella oxytoca strain CAV1099………. 1050  0.0 
ref|NZ_CP011077.1| Klebsiella michiganensis strain RC10……………. 1072  0.0 
ref|NZ_CP011313.1| Klebsiella pneumoniae subsp. strain 234-12 1066  0.0  
ref|NZ_FO834906.1| Klebsiella pneumoniae str. Kp52.145, ….  1066  0.0  
ref|NZ_CP007731.1| Klebsiella pneumoniae subsp. KPNIH27, ….  1066  0.0 
ref|NZ_CP010523.1| Klebsiella variicola strain DSM 15968….  1066  0.0 
ref|NZ_CP003999.1| Klebsiella pneumoniae subsp. pneumoniae Kp13 1066 0.0 
ref|NZ_CP009114.1| Klebsiella pneumoniae strain blaNDM-1, …. 1066  0.0 
ref|NZ_CP008929.1| Klebsiella pneumoniae strain PMK1, …. 1066  0.0 
ref|NZ_CP009771.1| Klebsiella pneumoniae KPNIH33, ….   1066 0.0 
ref|NZ_CP009461.1| Klebsiella pneumoniae strain XH209, ….  1066  0.0 
ref|NZ_CP009863.1| Klebsiella pneumoniae subsp. strain KPNIH29 1066  0.0 
ref|NZ_CP006738.1| Klebsiella pneumoniae HK787, complete genome 1066  0.0  
ref|NZ_CP009274.1| Klebsiella variicola strain DX120E, ….  1066 0.0 
ref|NC_017540.1|  Klebsiella pneumoniae KCTC 2242 ….  1066  0.0 
ref|NZ_CP011624.1| Klebsiella pneumoniae strain CAV1344, ….  1066  0.0 
ref|NC_013850.1|  Klebsiella variicola At-22, complete genome 1066  0.0 
ref|NC_011283.1|  Klebsiella pneumoniae 342, complete genome 1066  0.0 
ref|NC_009648.1|  Klebsiella pneumoniae MGH 78578, ….  1066  0.0 
ref|NZ_CP006798.1| Klebsiella pneumoniae PittNDM01, ….  1061  0.0 
ref|NZ_CP009775.1| Klebsiella pneumoniae KPNIH32, ….   1061  0.0  
ref|NZ_CP009208.1| Klebsiella pneumoniae strain ATCC 43816 KPPR11061  0.0 
ref|NZ_CP006918.1| Klebsiella pneumoniae 30684/NJST258-2,  …. 1061  0.0 
ref|NZ_CP007727.1| Klebsiella pneumoniae KPNIH10, ….   1061 0.0  
ref|NZ_CP008797.1| Klebsiella pneumoniae KPNIH24, ….   1061  0.0 
ref|NZ_CP009872.1| Klebsiella pneumoniae strain KPNIH30, ….  1061  0.0 
ref|NZ_CP006659.1| Klebsiella pneumoniae ATCC BAA-2146,  …. 1061  0.0 
ref|NZ_CP008827.1| Klebsiella pneumoniae KPNIH1, ….   1061 0.0 
ref|NZ_CP006923.1| Klebsiella pneumoniae 30660/NJST258_1 1061  0.0 
ref|NZ_CP008831.1| Klebsiella pneumoniae KPR0928  1061  0.0  
ref|NZ_CP009876.1| Klebsiella pneumoniae strain KPNIH31,  1061  0.0 
ref|NZ_CP010392.1| Klebsiella pneumoniae strain 34618,  1061  0.0 
ref|NZ_CP006722.1| Klebsiella pneumoniae subsp. pneumoniae 1158 1061  0.0 
ref|NZ_CP010361.1| Klebsiella pneumoniae strain 32192  1061 0.0 
ref|NC_022566.1|  Klebsiella pneumoniae CG43,   1061 0.0 
ref|NC_022082.1|  Klebsiella pneumoniae JM45,   1061 0.0  
ref|NC_018522.1|  Klebsiella pneumoniae 1084,   1061  0.0  
ref|NC_016845.1|  Klebsiella pneumoniae HS11286   1061  0.0 
ref|NZ_CP011989.1| Klebsiella pneumoniae UHKPC33,   1061  0.0  
ref|NZ_CP011985.1| Klebsiella pneumoniae UHKPC07,   1061  0.0  
ref|NZ_CP011976.1| Klebsiella pneumoniae DMC1097,   1061  0.0 
ref|NZ_CP011647.1| Klebsiella pneumoniae strain CAV1596,  1061  0.0  
ref|NZ_CP011578.1| Klebsiella pneumoniae strain CAV1392,  1061  0.0 
ref|NC_012731.1|  Klebsiella pneumoniae NTUH-K2044 DNA 1061  0.0  
 
>ref||NC_016612.1|| Klebsiella oxytoca KCTC 1686 16S ribosomal RNA gene, partial  
sequence 
Length=984 
 
 Score = 1050 bits (568),  Expect = 0.0 
 Identities = 701/703 (99%), Gaps = 2/703 (0%) 
 Strand=Plus/Plus 
 
Query  9        GATGTCGATCTAGATGTTGTGGTCTTGAACCGTGGCTTCTGGAGCTAACGCGTTAAATCG  68 
                |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1658948  GATGTCGACTTGGAGGTTGTTCCCTTGAGGAGTGGCTTCCGGAGCTAACGCGTTAAGTCG  1659007 
 
Query  69       ACCGCCTGGGGAGTACGGCCGCAAGGGTAAAACTCAAATGAATTGACGGGGGCCCGCACA  128 
                |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1659008  ACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACA  1659067 
 
Query  129      AGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTACTCTTGACAT  188 
                |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1659068  AGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTACTCTTGACAT  1659127 
 
Query  189      CCAGCGAATCCTTTAGCAGATATGCAGGAGTGCCTTCGGGAACGCTGAGACAGGTGCTGC  245 
                |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1659128  CCAGAGAATCC-TTAGCAGAGATGCTTTGGTGCCTTCGGGAACTCTGAGACAGGTGCTGC  1659184 
 
Query  246      ATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCC  305 
                |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1659185  ATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCC  1659244 
 
Query  306      TTATCCTTTGTTGCCAGCACGTAATCGGTCGGGAACTCAAAGGAGACTGCCGGTGATAAA  363 
                |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1659245  TTATCCTTTGTTGCCAGCACGTATTCGGTCGGGAACTCAAAGGAGACTGCCAGTGATAAA  1659301 
 
Query  364      CTGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGAGTAGGGCTACACACG  423 
                |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1659302  CTGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGAGTAGGGCTACACACG  1659361 
 
Query  424      TGCTACAATGGCATATACAAAGAGAAGCGACCTCGCGAGAGCAAGCGGACCTCATAAAGT  483 
                |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1659362  TGCTACAATGGCATATACAAAGAGAAGCGACCTCGCGAGAGCAAGCGGACCTCATAAAGT  1659421 
 
Query  484      ATGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAAT  543 
                |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1659422  ATGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAAT  1659481 
 
Query  544      CGTGGATCAGAATGCCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACAC  603 
                |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1659482  CGTGGATCAGAATGCCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACAC  1659541 
 
 
Query  604      CATGGGAGTGGGTTGCAAAAGAAGTAGGTAGCTTAACCTTCGGGAGGGCGCTTACCACTT  663 
                |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Sbjct  1659542  CATGGGAGTGGGTTGCAAAAGAAGTAGGTAGCTTAACCTTCGGGAGGGCGCTTACCACTT  1659601 
 
Query  664      TGTGATTCATGACTGGGGTGAAGTCGTAACAAGGTCACCCGTA  706 
                ||||||||||||||||||||||||||||||||||| |||||||| 
Sbjct  1659602  TGTGATTCATGACTGGGGTGAAGTCGTAACAAGGTAACC-GTA  1659643 
 
 
  
 
Phylogenetic tree of strain “Ct27” based on the 16S rRNA 
 
 
Appendix VIII 
  
TIC: SB-R1.D
18.3
0
1000
2000
3000
4000
5000
6000
7000
8000
4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25Time-˃
Abundance
 
  
Scan5505 (18.6 min): SB-R1.D
5153
56
62
66
70
73
75
77
84
87
97
98
106
108
168.9
170.9
173
196.7
198.2
57
163
169.9
133.9
105
0
1000
2000
3000
4000
5000
6000
7000
8000
9000
10000
40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210m/z -˃
Abundance
  
Scan5530 (2.6 min): SB-R1.D
95.1
62
158
141.1
0
500
1000
1500
2000
2500
3000
3500
4000
4500
20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180m/z -˃
Abundance
 
Appendix IX 
Table A1: Analysis of Variance, to determine the effect of pesticide concentration on CP biodegradation by Bacillus sp.  
Source                        SS        df   MS               F         P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  concentration          388.20666667       2    194.10333333   769.57268723   0.0000   *** 
Error                   1.5133333333       6    0.2522222222 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                        389.72        8 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 1.0033775246 
 
 Rank   CP concentrations            Mean       n    Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      200ml              83.2       3    a 
    2      300ml      77.566666667     3       b 
    3      400ml      67.333333333     3              c 
 
Table A2: ANOVA and “DMR test” to determine the effect of temperature on chlorpyrifos biodegradation by Bacillus sp. 
Source                  SS        df    MS               F          P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  temperature        1672.57        3    557.52333333   3696.2872928    .0000   *** 
Error                  1.2066666667       8    0.1508333333 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                  1673.7766667      11 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 0.7312453487 
 
 Rank   Temperature (OC)    Mean         n      Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      30              78         3      a 
    2      25              72         3         b 
    3      35      62.066666667       3                c 
    4      40              46.8         3                    d 
  
Table A3: ANOVA and “DMR test” to determine the effect of pH on chlorpyrifos biodegradation by Bacillus sp.  
Source           SS       df             MS               F         P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  pH                    1224.24       3          408.08     9068.4444446   0.0000   *** 
Error                   0.36        8           0.045 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                  1224.6      11 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 0.3994116325 
 
 Rank   pH           Mean       n    Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      8.5             82       3    a 
    2      8              77       3       b 
    3      7              73       3              c 
    4      9            55.2       3                  d 
 
Table A4: ANOVA and “DMR test” to determine the effect of Carbon source on chlorpyrifos biodegradation by Bacillus sp.  
Source               SS      df     MS             F         P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  Carbon source        834       3          278    6177.7777778   0.0000   *** 
Error                          0.36       8          0.045 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                        834.36     11 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 0.3994116325 
 
 Rank   Carbon source   Mean      n     Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      Glucose        87      3     a 
    2      Yeast extract    78      3        b 
    3      Starch           70      3               c 
    4      No added Carbon        65      3                   d 
 
Table A5: ANOVA and “DMR test” to determine the effect of inoculums density on chlorpyrifos biodegradation by Bacillus sp.  
Source                           SS       df         MS               F         P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  Inoculums density        4484.4       4          1121.1     4832.3275862   0.0000   *** 
Error                           2.32       10           0.232 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                        4486.72      14 
Duncan’s Multiple Range test 
Significance level = .05 
LSD .05 = 0.8762753892 
 
 Rank  Inoculums density(cfu/ml)     Mean       n     Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1     108                  99       3     a 
    2     107                  90       3        b 
    3     106                  84       3               c 
    4     105                  72       3                   d 
    5     104                  49       3                e 
 
Table A6: ANOVA and “DMR test” to determine the effect of pesticide concentration on chlorpyrifos biodegradation by 
Pseudomonas sp.  
Source                     SS      df             MS               F          P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  concentration        528.32      2          264.16     1617.3061225    0.0000   *** 
Error                          0.98       6     0.1633333333 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                         529.3      8 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 0.807439716 
 
 Rank   CP concentration (ml)           Mean      n    Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      200                 74      3    a 
    2      300                 68      3       b 
    3      400               55.6      3              c 
 
Table A7: ANOVA and “DMR test” to determine the effect of temperature on chlorpyrifos biodegradation by Pseudomonas sp.  
Source                       SS        df          MS               F         P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  temperature          1528.5225      3        509.5075    9263.7727274   0.0000   *** 
Error                          0.44        8           0.055 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                      1528.9625      11 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 0.4415661739 
 
 Rank   Temperature (OC)           Mean      n    Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      30                72      3    a 
    2      25                68      3       b 
    3      35               53.1      3              c 
    4      40                44      3                  d 
 
Table A8: ANOVA and “DMR test” to determine the effect of pH on chlorpyrifos biodegradation by Pseudomonas sp.  
Source               SS       df      MS               F         P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  pH                       627.7025       3    209.23416667   3178.2405063   0.0000   *** 
Error                   0.52667       8    0.0658333333 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                   628.229167    11 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 0.4831003753 
 
 Rank   pH           Mean      n     Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      8     75.03      3     a 
    2      8.5           72      3        b 
    3      7              68      3               c 
    4      6              56      3                   d 
 
 
 
Table A9: ANOVA and “DMR test” to determine the effect of Carbon source on chlorpyrifos biodegradation by Pseudomonas sp.  
Source                           SS      df     MS                F         P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  Carbon source                915.79666667      3    305.26555556    1332.0678788   0.0000   *** 
Error                    1.8333333333      8    0.2291666667 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                         917.63      11 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 0.9013431782 
 
 Rank Carbon source           Mean      n    Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1    glucose               79      3    a 
    2    yeast extract     68.73      3       b 
    3    starch               59      3              c 
    4    no added carbon    57.067     3                  d 
 
Table A10: ANOVA and “DMR test” to determine the effect of inoculum density on chlorpyrifos biodegradation by Pseudomonas 
sp.  
Source                           SS       df      MS               F         P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  Inoculums density   3373.296       4        843.324    4685.1333333   0.0000   *** 
Error                            1.8       10       0.18 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                       3375.096     14 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 0.7718499396 
 
 Rank   Inoculum density (cfu/ml)      Mean       n     Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      108                  94       3     a 
    2      107                  88       3        b 
    3      106                  81       3               c 
    4      105               64.6       3                   d 
    5      104               53.6       3                e 
 
Table A11: ANOVA and “DMR test” to determine the effect of pesticide concentration on chlorpyrifos biodegradation by 
Klebsiella sp.  
Source                           SS      df             MS               F         P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  CP concentration      896       2       448.099    6400.0000001   0.0000   *** 
Error                           0.42       6            0.07 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                         896.42      8 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 0.528593374 
 
 Rank    CP concentration (ml)           Mean      n    Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      175                 75      3    a 
    2      200                 67      3       b 
    3      225                 51      3           c 
 
Table A12: ANOVA and “DMR test” to determine the effect of different temp. on chlorpyrifos biodegradation by Klebsiella sp.  
Source                      SS       df       MS              F          P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  temperature         1171.44       3         390.48    3395.4782609    0.0000  *** 
Error                          0.92        8          0.115 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                       1172.36      11 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 0.6385036326 
 
 Rank   temperature (oC)          Mean      n    Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      35               70      3    a 
    2      30              62.2      3       b 
    3      25               56      3              c 
    4      40               43      3                  d 
 
 
Table A13: ANOVA and “DMR test” to determine the effect of pH ranges on chlorpyrifos biodegradation by Klebsiella sp.  
Source                SS       df       MS               F         P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  pH                      2368.3425      3       789.4475     4101.025974   0.0000   *** 
Error                1.54        8         0.1925 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                  2369.8825      11 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 0.8260946682 
 
 Rank   pH          Mean      n    Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      8           80.9      3    a 
    2      7             70      3       b 
    3      8.5          57      3          c 
    4      6           43.4      3              d 
 
Table A14: ANOVA and “DMR test” to determine the effect of different carbon sources on chlorpyrifos biodegradation by 
Klebsiella sp.  
Source                       SS      df             MS              F         P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  Carbon sources        393.2025      3        131.0675    359.0890411   0.0000   *** 
Error                          2.92       8           0.365 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                      396.1225     11 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 1.1375248279 
 
 Rank   carbon sources          Mean      n    Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      glucose            93.7      3    a 
    2      yeast extract         86      3       b 
    3      starch              81      3              c 
    4      no added carbon    78.8      3                  d 
 
Table A15: ANOVA and “DMR test” to determine the effect of different inoculum densities on chlorpyrifos biodegradation by 
Klebsiella sp.  
Source                           SS        df             MS                F         P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  Inoculums density     1584.2706667       4     396.06766667    1029.6386482   0.0000  *** 
Error                    3.8466666667      10     0.3846666667 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                    1588.1173333      14 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 1.1283371803 
 
 Rank   inoculum density (cfu/ml)            Mean       n     Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      108                 98.9       3     a 
    2      107                 94.8       3     b 
    3      106                 88.9       3           c 
    4      105                 79.5       3             d 
    5      104          70.67       3        e 
 
Table A16: ANOVA and “DMR test” to determine the effect of different Chlorpyrifos concentrations on biodegradation by 
Bacillus sp. in soil.  
Source                           SS      df             MS          F          P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  CP concentration          806       2             403    1099.0909091    .0000   *** 
Error                            2.2       6     0.36667 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                          808.2       8 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 1.2097855979 
 
 Rank   CP concentration (mg/kg)           Mean       n     Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      75                  66       3     a 
    2      100                  57       3        b 
    3      125                  43       3               c 
 
Table A17: ANOVA and “DMR test” to determine the effect of different temperatures on CP biodegradation by Bacillus sp. in 
soil. 
Source                       SS        df       MS                F          P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  temperature         328.22222222       2    164.11111111     500.6779661    0.0000   *** 
Error                   1.9666666667       6    0.3277777778 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                   330.18888889       8 
Duncan's Multiple Range Test 
Factor: temp 
Error mean square = 0.3277777778 
Degrees of freedom = 6 
Significance level = .05 
LSD .05 = 1.1438325422 
 
 Rank   temperature (oC)           Mean       n     Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      35        59.667      3     a 
    2      40                54       3        b 
    3      30                45       3               c 
 
Table A18: ANOVA and “DMR test” to determine the effect of different pH on Chlorpyrifos biodegradation by Bacillus sp. in 
soil. 
Source                     SS       df      MS              F         P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  pH                         350.25       3         116.75    1297.2222222   0.0000   *** 
Error                          0.72        8         0.09 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                        350.97      11 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 0.5648533476 
 
 Rank   pH           Mean       n     Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      8             75       3     a 
    2      8.5           67       3        b 
    3      7.5             65       3               c 
    4      7              60       3                   d 
 
Table A19: ANOVA and “DMR test” to determine the effect of different C-source on Chlorpyrifos biodegradation by Bacillus sp. 
in soil.  
Source                           SS      df             MS         F           P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  Carbon source        294       3              98     933.33333334     0.0000   *** 
Error                           0.84       8           0.105 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                         294.84     11 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 0.6101113464 
 
 Rank   carbon source           Mean       n     Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      farm manure             88       3     a 
    2      green compost        83       3        b 
    3      rice husk              78       3               c 
    4      no added carbon        75       3                   d 
 
Table A20: ANOVA and “DMR test” to determine the effect of inoculum densities on Chlorpyrifos biodegradation by Bacillus sp. 
in  soil. 
Source                            SS       df      MS              F        P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  Inoculum density       2483.616       4        620.904         2587.1    0.0000  *** 
Error                             2.4       10      0.24 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                        2486.016      14 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 0.8912555408 
 
 Rank   inoculum densities (cfu/g)         Mean       n    Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      108                 96       3    a 
    2      107               91.7       3       b 
    3      106               86.3       3              c 
    4      105               78.3       3               d 
    5      104               59.5       3              e 
 
Table A21: ANOVA and “DMR test” to determine the effect of different chlorpyrifos concentration on its biodegradation by 
Pseudomonas sp. in soil.  
Source                           SS       df      MS               F         P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  CP concentration           889.92       2         444.96         2669.76     0.0000   *** 
Error                             1        6    0.1666666667 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                         890.92       8 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 0.8156372837 
 
 Rank   CP concentration (mg/kg)   Mean       n    Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      40                 69       3    a 
    2      60                60.6       3       b 
    3      80                 45       3              c 
 
Table A22: ANOVA and “DMR test” to determine the effect of different temperature on chlorpyrifos biodegradation by 
Pseudomonas sp. in soil. 
Source            SS       df       MS                F          P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  temperature       157.68       2          78.84      622.42105263    0.0000 *** 
Error                          0.76        6    0.1266666667 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                        158.44       8 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 0.7110560989 
 
 Rank   Temperature (oC)          Mean      n    Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      35                50      3    a 
    2      30                44      3       b 
    3      40               39.8      3              c 
 
Table A23: ANOVA and “DMR test” to determine the effect of different pH on chlorpyrifos biodegradation by Pseudomonas sp. 
in soil. 
Source              SS        df       MS                F          P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  pH                      367.87        3    122.62333333     826.6741573    0.0000   *** 
Error                  1.1866666667       8    0.1483333333 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                  369.05666667      11 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 0.7251599834 
 
 Rank   pH        Mean        n     Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      8              65        3     a 
    2      8.5           61.3        3        b 
    3      7.5           57.3        3               c 
    4      7     50.066666667      3                   d 
 
Table A24: ANOVA and “DMR test” to determine the effect of different C-sources on chlorpyrifos biodegradation by 
Pseudomonas sp. in soil. 
Source                           SS       df       MS                F          P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  Carbon source            869.1225       3       289.7075     1964.1186441    0.0000   *** 
Error                           1.18        8         0.1475 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                       870.3025      11 
Duncan's Multiple Range Test  
Significance level = .05 
LSD .05 = 0.7231201482 
 
 Rank   carbon source            Mean       n     Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      farm manure               88       3     a 
    2      green compost              80       3        b 
    3      rice husk             72.9       3               c 
    4      no added carbon             65       3                   d 
 
Table A25: ANOVA and “DMR test” to determine the effect of different inoculum densities on concentration biodegradation by 
Pseudomonas sp. in soil. 
Source                           SS        df      MS                F         P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  Inoculum density         2773.2426667       4    693.31066667    3005.6820809   0.0000   *** 
Error                    2.3066666667      10    0.2306666667 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                    2775.5493333      14 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 0.8737537282 
 
 Rank   inoculum density (cfu/kg)     Mean       n     Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      108                  98       3     a 
    2      107                  90       3        b 
    3      106                  81       3               c 
    4      105                  72       3                   d 
    5      104         59.133      3                e 
    5    1            49\3      e 
Table A26: ANOVA and “DMR test” to determine the effect of different CP concentrations on its biodegradation by Klebsiella sp. 
in soil. 
Source                           SS       df             MS                F          P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  CP concentration         610.58       2          305.29      1308.3857143    .0000   *** 
Error                            1.4        6     0.2333333333 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                         611.98       8 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 0.9650750489 
 
 Rank   CP concentration (mg/kg)     Mean       n    Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      30                  59       3    a 
    2      50                 51.3       3       b 
    3      70                  39       3              c 
 
Table A27: ANOVA and “DMR test” to determine the effect of different temperature on CP biodegradation by Klebsiella sp. in 
soil.  
Source                SS       df       MS                F          P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  temperature          252.98       2         126.49      11.784782609    0.0084   ** 
Error                          64.4        6    10.733333333 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                        317.38       8 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 6.5454574402 
 
 Rank   Temperature (oC)           Mean      n    Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      35                52      3    a 
    2      30                48      3    a 
    3      40               39.3      3       b 
 
Table A28: ANOVA and “DMR test” to determine the effect of different pH on CP biodegradation by Klebsiella sp. in soil.  
Source                       SS      df       MS               F         P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  pH                       567.7425      3       189.2475    1066.1830986   0.0000   *** 
Error                          1.42       8         0.1775 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                      569.1625     11 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 0.7932564845 
 
 Rank   pH     Mean       n    Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      8        73.3       3    a 
    2      8.5      67.3       3      b 
    3      7.5     60.7       3              c 
    4      7       55       3                  d 
 
Table A29: ANOVA and “DMR test” to determine the effect of different C-sources on CP biodegradation by Klebsiella sp. in soil. 
Source                      SS      df             MS               F         P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  Carbon source         949.7025      3        316.5675    1347.0957447   0.0000  *** 
Error                          1.88       8           0.235 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                      951.5825     11 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 0.9127427318 
 
 Rank   carbon source       Mean       n     Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      farm manure         96.7       3     a 
    2      green compost    85       3        b 
    3      rice husk              78       3               c 
    4      no added carbon    73       3             d 
 
Table A30: ANOVA and “DMR test” to determine the effect of different inoculums densities on CP biodegradation by Klebsiella 
sp. in soil. 
Source                          SS       df      MS               F         P 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Main Effects 
  Inoculum density      4703.376       4       1175.844    8280.5915493   0.0000   *** 
Error                           1.42      10     0.142 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
Total                       4704.796     14 
Duncan's Multiple Range Test 
Significance level = .05 
LSD .05 = 0.6855526187 
 
 Rank   inoculum density (cfu/kg)   Mean      n    Non-significant ranges 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
    1      108                 95      3    a 
    2      107                 85      3       b 
    3      106                 76      3              c 
    4      105               60.8      3                  d 
    5      104                 45      3               e 
